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LEGAL NOTICE

This report was prepared as an account of Go\,ernmcnt spon.wred woA. Neither the
United Statea, nor the Commission, nor any person acting on behalf of the Commission:

A hfakcs an)- warranr> or repr~nlation, expressed or implied, with respect to the
accuracy, comp]ctehcs, or uscfulncs of the information contained in this repo% or
that the use of any information. apparatus, method, or pmces discbscd in d-ii rqmrt
may not infringe pri~-alelyow-nmlrighss; or

B. Assumes any liabilities with respect to the usc of. or for damagm resulting frons
the use of an; information, apparatus, method, or proms disclosed in this report-

.+s used in the above, “pm-son acting on behalfof the Commission” iocludcs any elO-
ployee or contractor of the Commission. or employee of such contractor, to the extent
that such employee or contractor of lhe Commission, or employee of such contractor
prepares. disseminates. or provides access to. any information pursuant to his employ-
ment or contract with the Commission, or his emplo>mcnt with such contractor.

I

3

—-.—— . _ __ —Y.——— —. --——— -— —— ——’-- —. ~ —.— —-——— -—-

DOE ARCHIVES

PRI>-TED IN USA

PRICE S2.00

Available from &c

Office of Technical Semi~
Department of Commerce

\~”ashington 25, D. C-

Febrwu-y 1961 1550 copies



●

CONTENTS

DOE ARCHIVES
IN+ RODUmlON ..... ...... .. .......... ............. ..... ... .... ...... ... ... ..... ....... ... ....... .... ... ........... .... ....

Suhmomy OF PAST FINDINGS.... ... ......... .... ..... ........ ... .... ............. ....... ..... ..... ...... ........ ..

Penetrating Irradiation .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Beta Irradiation of the Skin ............ .. .......... ........ .... ........... ..... ... ... .. .... .... ....... ..... ..

Internal Irradiation .... .... .... .. ...... .... . ... ........ ........... ........ ..... ...... .. .... ... .......... ....... ..

Other Studia .... ........ ........ .... .... ... ........ . .... .... ...... ...... .. .............. ... ... .... ... ....... .. ... .. .

Difficulties Associated \$rith the Examinations: ... .... .... .... ..... ... . ... ... ..... ........ ... ...

Comparison Populations .. ... ........... ........ .... .... .... .... ............ ...... .. .. .. ..... ... ..... .... .. ...

Location of Examinations .... ........ ... . .... .... .... ........... ........ ....... ... ... .. .. ............ . ...

History and Physical Examinations.. .. ... .... ..... ... ... ... ...... ... ......... . ... .... ...... ... ...

Studies of.4ging Criteria .... .... .... . ... .... .. .. .... .... ... ......... .... ...... .... .. ....... . .... ....... ...

Lahoratoq Procedures ... . .... .. . ..... .. .......... ...... .... ... ....... .. .. .... .. .... ........

Studies of Genetically Inherited Characteristi~ ..... ..... .... .. .. .. ..... .... ... .... .... .. ..

Radionuclide Body Burden Evacuation .... ........ .... .... ..... ... ... . .... ........ . ........... ..

...
Ill

1

2

2

3

3

4

4

4

4

4

4

6

7

7

7

10

12

13

14

—.— —----— —-z -.—— —- -— —-— —-———- — — —----- ----— -—— .—

.



CONTENTS

1960 SURVEY........ .... .....
DOE ARCHIVES

14... .. .. . . .. . .. .. . .. . .. .. . . . . .. .. . .. . . . . . .. .. . . .. . .. .. .. . .. .. . .. . . . .. .. . . . .. . . . .. . .. . . . . .. . .. ..

Background Material .................... .... .... ... . ........ ... ................. .... ................ ........ ... . 14

Procedura .... ............ ..... ........ ... .... .... ... . ... . .... .. .. ........ ... ......... .... ............. ... .... .. .. ...- 14
.

RESULTS AND D] XUSSION.... .... .... .... .... .... .... .... .... ... . ...... ..................... ..... .......... .. ...... 15

Inten-al Medical Histoq ..... ..... ...... ........ . ........... ... ... .......... ..... ... ..... ... ................ .. 15

Review of Data on h40rta1ity and
Pregnancy Terminations Over the Past Six Years ..... .... .. .... .. .... .. ...... ... ... ...... .. 17

Physical Examination ......... ................... ................ ....... ... ....... ....... ...... ... ...... ..... .. 18

Pediatric Examination ..... ....... .... .... .. .. .... ........ .. ...... . ..... ...................... ... ... ... ... . ... 18

Growth and Development Studies .... .... ... . .... ........... . .... .... ......... ... .... ..... ... ... . .. 20

Adult .4bnormalitim ...... .......... ........ ............ ...................... .......... .. .... .. ..... ... ... ... .. .. 23

Cardiovascular Sumey .... .... .... .... ... ..... .... ... ..... .... .... .... . ........... .... .... .... ..... . .. . ... .... 23

Ophthalmological Examinations .... .... . ... .. .. ... . .... .. .. .. ... ... ..... ...... ... .. .... . ... .... .. .. .... 25

Arthritis SumeY ................. ........... . ... ... . ... . .... .. .. .. ...... . ... ..... ...... ..... .. . .... .. .... .. .. .. .... 25

Dental Sumey ...... .. .............. ... ... .... .... ... ..... .. .... .. .. ........... ....... ... ..... ... .. .............. .... 26

Studies of Aging Criteria .... ......... ... ... ..... .... .. .... ...... ........ ... ... .............. ... . .... .. ...... .. 28

Residual Beta Burns ........ .... .... .... .... .. .. .... ...... .. .. ... ... .... ... ... .. .... .... .... .... .... ... . .. .. .... 33

Laboratory Examinations .. ... ....... ...... .. .... .... .... ... ... ...... ............ ........ .... ... ..... .. .. .... 33

Hematological ..... ..... .. .... ......... ... .... .... .... ... . ... ..... .... .... ... ... ... ... ... . ........ .... .. .. .... .. 33

Hematological Leukemia Sun'ey .... . ... .... .... ... ..... ..... ... .... ..... ... .... .... . ... .... .... . ... 37

Complement Fixation Tes~ ..... ... .... .... .... ........ .. ...... ........ ............. ............ ....... .. 38

Sodium and Potassium Levels, 1959 ..... ... .... ... ... ... ..... ... ........... . .. ..... ....... . ... . .... 38

Thyroid hletaboIkm .... .... .... . ... .... ... . ... . ... . .... .... .. .. .......... .. ....... ..... .... .... .... . .... ... 39

Glucostia .................... ........ ...... ... . .. . ... ... .. .. ... ....... .... ...... ... ..... ... ... ......... ... ... . ... .. 39

Serum Vitamin B .. ............. ... .... ..... .... ... ......... .... ... ........ ..... ........... ..... .... .. ..... ... . 39

Studies of Genetically Inherited Trai~ ..... ... . ... ...... ........... ... ..... ... ...... .... ..... ..... 41

iv

. . ..—— .—. —- .— - —--—-—



b

CONTENTS

1

RADIONUCLIDE BODY BURDEN EVALUAmON ............................................................

Introduction .. .. .......... .. .......... .. ............ ..... ................. ...... ................ . ..... .. .... ..... .....

Estimation of the Internal Radiation Hazard ......... ... ...... ... ... ......... ... ...... ...... ....

“ Experimental Procedur~ ..... ....... ........ .... .... .... ... ..... .. ... ... ... ..... .... . ... ... . .... .. .. .... ....

Whole-Body Counting ...... .............. .... ... ..... ...... ... ...... ............. ... ... ...... .. ... ....... ..

Analysis of Gamma. Ray S~ctra .... ..... ... ...... ..... ..... .. .. .... ... ... ... ... . ... .... ..... ... ....

Radiochcmical Procedur~ ..... ... .... .... .... .. ... ....... .. ... ... ...... ... ... ... ..... ..... ... .... .... ..

Results and Discuxion .... ................ ........ ........ ... ..... ... ... ........ .......... .... ..... ..... ........

Environmental Estimate ... ....... .. ......... ... ... ..... .... ... ... ... ... ...... ... ... ............ .. .... ....

Radiochemical Analysis of Urine .. .. .... ........ . .. ... .. .... ........ .... ...... .. .... .... ............

\Vhole-Body Counting \4’ith the Gamma Spectrometer ........ ... ..... .... .. ......... .

SV\I~I.4RY ANDCOXCLVSIONS........ ............ ........ ... ..... ..... ... ...... ........ ..... . ..... .... .... ... .....

Importance of Medical Surveys .... .. .. .... ........ .... .... .... .. .. .. ...... .... .... ........ .... .. .. .... ..

ACKKO\vLEt)GMENX .... ... . .. ......... ..... ... ......... ...... .. .... .. .... .......... .. ... .... ... ...... .. .. .. ... . .

DOE ARCHI\TESREFERENCES.... . . .. ... ... .. ............ ... ..... . ... .. .. .... ... . .... ..... ... ........ ........ .... ... .......... ... .... .... ..

44

44

45

45

45

47

49

49

49

51

53

55

58

59

59

APPENDIX 1. Rongelap Blood Coun~ .... .... ...... ... ... ... ... .... ... ... ... ... .. .. ... ... .... .... .... ...... 61

APPENDIX 2. Ailingnae Blood Coun~ .... ........ .... ........ .. ... ... . ...... ..... .... ... . ...... .... .. . ... .. 62

.APPENDIX3. Hernatological Findings, 1959 .... .... ........ ... ......... .... ........ .... . ... ... ..... .... 63

APPENDIX 4. Hematological Findings, 1960 ........ .... ... ..... .. .. .... .... ... ... .. .... . ....... .. ... ... 68

APPENDIX 5. Indi\-idual \VBC, Basophil, and .\lkaline Phosphatase, 1959 -1960.. 70

APPENDIX 6. Blood Groupings and Hap(oglobins, 1958–1959, and

BIT and Cholesterol Levels, 1959 ......... ...... .. .... .... ....... ... .......... .. .... .. 74

APPENDIX 7.

APPEXDIX 8.

ADD EXDVM.

Cs’3’ and Zn” Body Burdens .... .. ............................... .............. ... ... ... .. 81

Urinary Sr'O ......... ..... .......... ... ... ... ... .............. ... ... .. ...... .. .... ...... ... ... ..... ... 83

A Note on the Vegetation of the !forthern Islets

of Rongelap ,4toll, hlarshall Islands, Nlarch 1959 ... .... ... . ... ... .... .... .. 85

v

b
-—_____

—T—- --- —- — —. ————- -——— —— -—_ _.. _ ._ —A -



—

MEDICAL SURVEY OF RONGELAP

b FIVE AND SIX YEARS AFTER EXPOSURE

DOE ARCHIVES

Introduction

The results of medical surveys of the people of
Rongelap i~ the Marshall Islands, carried out in

March 1959 and in March 1960 at 5 and 6 years
after the accident, are presented in this report.
These people had been accidentally exposed to
fallout radiation following a detonation ofa high

yield thermonuclear device during experiments at
Bikini in the Pacific Proving Grounds in hfarch
1954. An unpredicted shift in winds caused a
deposition of significant amounts of fallout on four
inhabited hflarshall Islands to the east of Bikini

(see Figure 1) and also on 23 Japanese fishermen
aboard their fishing vessel, the Lucky Dragon. Of
the inhabitants of the island of Rongelap, 105
nautical miles away from the detonation, 64 re-
cei~ed the largest fallout exposure: an estimated
dose of 175 r of whole-body gamma radiation,

contamination of the skin sufficient to result in
beta bl]rns, and slight internal absorption of radio-

activc materials through inhalation and ingestion.
.4nother 18 Rongelap people a~vay on a nearby
island (Ailingnae), where less fallout occurred, re-

cei~ed only an external gamma dose of about 69 r.
There were 28 .4merican servicemen on the island
of Rongerik further to the east \sho received about
the same amount of radiation as did the Rc)ngelap

people on .4ilingnae. Lastly, 157 Nfarshallese on
~tirik Island, about 200 miles fu~her east, received
about an estimated 14 r of whole-body radiation.

The fallout was not visible on this island and no
skin effects developed.

The exposed people I, ere evacuated from these
islands by plane and ship about t}~o days afier the

accident and taken to K\vajalein Naval Base
about 150 miles to the south, \vhere they recei~ed

extensive examinations for the follo~ving three
months. In ~’iew of the generall;- negative findings

on the American servicemen, they \\ere later re-
turned to their duty stations. The Utirik people
were also allowed to return to their home is]and,

where radioactive contamination \vas considered
to be ofa slight enough extent to allo~v safe habita-

PEOPLE

TO FALLOUT

tion. Because Rongelap Atoll was considered to lx
too highly contaminated, a temporary village was

constructed for the Rongelap people on” Majuro
Atoll se~’eral hundred miles to the south, where
they lived for the following 3% years and were ex-
amined at yearly intervals by a special medical

team. In July 1957, after careful evaluation of the
radioactive contamination situation, Rongelap

Island was considered safe for habitation. A new
village was constructed, and (he Rongelap people

were moved there by h’a~y ship. The annual med-

ical sun-eys have since been carried out on Ronge-

lap Island.
A group of more than 100 Rongelap people,

who were relatives of the exposed people but had

been aivay from the island at the time of the acci-
dent, moved back with the Rongelap people to
their home island and have served as an ideal
comparison population for the studies. Following
the initial survey of the Utirik people on Kw-a-
jalein in 1954, a repeat survey i{as carried out in
March 1957. In addition, during the past survey,

as in the pre~’ious surveys, a visit \sas made to
“hfajuro .4to11 to examine a group of children who
represent part of the control group used for the
gro~vth an-d development stu~ies ~f
children.

SGOr.,_- -?yr. .

he exposed

s)KWAJALEIN

u-

(?
w.JUROb

b

Figure 1. hlap of fallout area
(Nfarch 1, 1954), Xlamhall Islands.
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The accumulation of data from these surveys is

becoming increasingly voluminous. Since condi-

tions have not been favorable for pcrforlnance of

extensive statistical analyses or use ofclcc:ronic
computing procedures to store and manipulate the

data, the annual survey reports published by this
Laboratory are made as complete as possible. This

report, therefore, includes a considerable amount
of raw data, much of it in appendices, so that

others may have an opportunity to make further

calculations if desired.
This report also contains a brief addendum on

the vegetation of Rongelap Island.

DOE ARCHIVES

Summary of Past Findings

Reports have been published on the findings of

surveys made at the following times after expo-
sure: initial examination,’ 6 months,’ 1 year,’ 2

years,’ 3 years, s and 4 years. s The following is a
brief summary of the findings previously reported.

During the first 24 to 48 hr after exposurr,
about ‘X+of the Rongelap people experienced
anorexia and nausea. .4 few vomited and had
diarrhea. Many also experienced itching and
burning of the skin, and a few complained oflach-
rymation and burning of the eyes. Follo\ving this,
the people remained asymptornatic until about 2

~seeks after the accident, \shen cutaneous lesions
and loss of hair developed, due largely to beta ir-
radiation of the skin. It was apparent when the
people were first examined, a fe~v days after expo-
sure, that the lymphocytes \rere considerably de-
pressed and that significant doses of radiation had

probably been recei~’ed. In addition to the \vhole-

body dose of radiation and the beta irradiation of
the skin, radiochemical analyses of the urine
shom.ed that” measurable amounts of radioactive

material had also been absorbed internally. The
effects of the radiation can best be summarized
under three headings according to the mode ofex-
posure: penetrating irradiation, skin irradiation,
and internal irradiation.

Ailingnac and l_~lirik groups were similar hut less

marked. Certain unrxplaincd fluctuations biive
occurred from year to year in tbc peripheral blood

levels of the comparison populations as well as of

the exposed groups. Depression of the peripheral

blood elements as represented by mean popula-
tion levels occurred as follows.

Lymphocytes fell promptly and by [he third day
were about 557( of the control values in adults,

and slightly lower in children. There was only
slight recovery after six months. At 2 years, al-

though further recovery \vas e~’ident, the mean
values of these cells were still found to be below

the comparison population levels (75 to 8070). At

3 years the mean lymphoc~~e counts were slightly

below those of the comparison population. At 4
years the mean level appeared to be about the
same as that of the comparison population, but
many counts remained lower.

h’eutrophil levels fluctuated considerably dur-
ing the fimt few weeks but fell gradually to a low

of about 5(-)’%0of comparison population levels by

the 6th week after exposure. Slow recovery en-
sued, but at 6 months they \sere still slightly below

the unexposed levels. However, by 1 year post ex-

posure they had returned to the level of the com-
parison population and have remained so, \vith
the possible exception of those of children <12

years old, \{hich generally have been lower (ban
those of the unexposed children ofcornparable

age.

Platelets fell to about 30% of the unexpmed
values by the 4th \veek. By 6 months they had
reached 70T0 of the controls; at 1 year the nlean

platelet count w-as still below that of the control

population but higher than at the 6-month survey.
.41though further increases ~vere apparent at the
2-, 3-, and 4-year examinations, the levels t\’ere
still below those of the comparison population.

Changes in hematocnt were not remarkable in
any of the groups.

Clinical examinations re~ealed no di.wase pro-
cesses or symptoms which could be attributed to
radiation effects, aside from skin lesions, loss of

hair, and early symptoms. Epidemics of chicken

pox and measles occurred. The diseases encoun-
tered were no more severe or frequent in the irradi-

ated group than in the unexposed group, even
during the period of~eatest depression ofperiph-
eral blood elements.. Three ~rsons in the exposed

population died of disease: (1) a 46-year-old man
w-ith a hypeflensive heafi disease which had been

PENETRATING IRRADIATION

The changes in the peripheral blood of the more

heavily exposed Rongelap people who received
175 r will be re~-ielved in the section on hemato-
logical examinations (see Figures 33, 35, and 38,
and Appendices 1 and 2). The changes in the~

f
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present at [he time ofcxposure, W}]Odied 2 years

after {he accident; (2) a 78-year-old man \vho

died, 3 years after exposure, of coronary heart dis-

ease complicating diabetes; and (3) a 36-~ear-old

man who died of acute varicella, 4 years after ex-

posure, who had received only 69 r, having been

on Ailingnae at the time of the fallout. There was
no apparent relationship between any of these
deaths and radiation exposure, and mortality in

the exposed group did not appear to be greater
than in the unexposed population.

It was diffi~ult to evaluate the effects on fertility.
However, a number of apparently normal babies
were born during the 4-year period, and there has

been no discernible fall in birth rate. A slightly
higher number of miscarriages occurred in the ex-

posed women than in the unexposed group; this
will be further evaluated in the present report. No

opacities of the lens or other eye changes have
been found that could be related to radiation.
Studies on height, weight, and bone age seemed
to show a slight degree of retardation in growth
and development in the exposed children. How-

ever, the small number of children involved, and
a later finding that exact ages of some of the chil-
dren were in doubt, has resulted in are-evaluation
of these data based on more reliable age deter-
minations.

BETA IRRADIATION OF THE SKIN

It was ‘impossible to get an accurate estimate of

the radiation dose to the skin. Beta burns of the
skin and epilation appeared about 2 weeks after
exposure, largely on parts of the body not co~ered
by clothing, About 90% of the people had these
burns, and a smaller number developed spotty

epilation of the scalp. hfos( of the lesions were
superficial; they exhibited pigmentation and dry,

scaly desquamation, and were associated with
little pain. Rapid healing and repigmentation
followed. Some lesions were deeper, showed wet
desquamation, and were more painful. A few
burns became secondarily infected and had to be

treated with antibiotics. Repigmentation of the
lesions gradually took place in most instances, and
the skin appeared normal within a few weeks.
However, in about 15% of the people, deeper
lesions, particularly noted on the dorsum of the
feet, continued to show lack ofrepigmentation
with varying degrees of scarring and atrophy of

the skin. At 4 yearn the only residual effects of beta

radiation of [hc skin were s~.rn in ]2 cases which

showed varying degrees of pigment aberrations,

scarring, and atrophy at the site of the former

burns. hTumerous histopathological studies have

been made,’” and the changes found have been

consistent with radiation damage. At no time have
changes been observed either grossly or microscop

ically indicative of malignant or premalignant
change. Spotty epilation on the heads was short

lived, regrowth of hair occurring about 3 months
after exposure and complete regrowth of normal
hair by six months. N’o further evidence ofepila-
tion has been seen.

An interesting observation was the appearance

of a bluish-brown pigmentation of the semilunar
areas of the fingernails and toenails in about 9W0
of the people, beginning about 3 weeks afier expo-

sure. By 6 months, this pigmentation had largely
grown out with the nail and had disappeared in
most cases. The cause of this Phenomenon has not
been explained. DOE AaRCHNES

INTERNAL IRRADIATION

Radiochemical analyses of numerous urine

samples of the exposed population showtd internal
absorption of radioactive materials, probably
brought about largely through eating and drink-
ing contaminated food and water and to a lesser
extent through inhalation. During the first few
days ~hen the body levels were at their highest,

the maximum permissible concentrations were ap-
proached or slightly exceeded only in the case of
strontium-89 and the isotopes of iodine. The con-
centrations were believed to be too low to result in
any serious effects. Body levels fell rapidly, so that
by 2 and 3 years post exposure, they \vere far be-
low the accepted maximum permissible level; by 6
months acti~’ity in the urine was barely detectable.
The return of the Rongelapese to their home
island (which after careful survey was considered
safe for habitation, despite a persisting low level of
radioactive contamination) lsas reflected in a rise
in their body burdens and increased urina~ ex-

cretion of certain radionuclides. Beginning in
1957, gamma spectroscopy by use of a Io\v-level
counting chamber u-as added to the techniques of
radiochemical analysis. This, along with radio-
chemieal analysis of urine samples, shelved an in-
crease in body burdens ofcesium-137 by factom of
up to 100 and of swontium-90 by a factor of 10 to

20; and some increase also in zinc-65, since the re-

7
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turn of the pcop]c to RoIlgclap. The body ltnrls of

the unexposed people who returned to the island
also increased, becoming indistinguishable from

those of the originally exposed group. However,b’
the levels remain well below the maximum per-

missible limits. Analyses of bene sampl= on one of

the men who died showed 3.7 strontium-90 units/g

calcium.

OTHER STUDIES

. Other studies have been carried out on the

Rongelap people which are not direcdy related to

radiation effects. An intensive intestinal parasite
survey showed that the people were infected Mith
many types of protozoa and helminths. This find-
ing did not entirely account for the generally high
incidence ofeosinophilia. Other findings that need
further explanation are the general anemic tend-
encies, the high plasma protein levels with in-
creased gamma globulin, and the higher than
normal levels of serum protein-bound iodine and
vitamin Blz. Another investigation is concerned
with genetic studies and determination of the

anthropological background of the_Marshallme
from genetically determined traits. Among the

traits studied were blood groups and hemoglobin
and haptoglobin types. The results shed some light
on the origin of these people and the homogeniety
of the population. Their blood groups resemble
most closely those of the people from Southeast
Asia and Indonesia, and the population appears
to be relatively homogeneous.

DIFFICULTIES ASSOCIATED

WITH THE EXAMINATIONS

.4s mentioned in previous reports, se~eral diffi-
culties were associated \rith carrying out the ex-

aminations as \vell as interpreting the findings.
1. The language barrier made examinations

difficult, since very little English is spoken by the
Mar-shallese. However, there were sufficient Eng-
Iish-s’peaking h4arsha11ese to assist the medical
team in most instances.

2. The lack of~’ital statistics or demographic
data on the Marshallese imposed a serious diffi-
culty in interpretation and evaluation of the medi-
cal data. Records of births, deaths, etc., have been
made by the health aides or magistrates of the vil-
lages and supposedly forwarded to the district ad-

ministrator; however, such records have been in-

c[jlnplctc or lost in mos[ instances, and vital statis-
tics arc thcrcfc)rc inadequate. Trus[ Territory

ofl]cials are noiv attempting to aswirlhle such data.

3. There is uncertainty on the part of some of

the Marshal]ese as to their exact ages, particularly

among the older group. This imposes certain diffi-,

culties in interpreting some of the studies to be

outlined.
DOE ARCHIVES

COMPARISON POPULATIONS

During the first 2 years, two separate groups of

h4arshallese people were used for comparison,
each of comparable size to the exposed Rongelap
group and matched for age and sex. Howm-er, this
population was found to be unstable, with a large
attrition rate over the 2 years, which made it un-
satisfactory. At the time of the 3-year survey, it
was found that during the preceding 12 months

the Rongelap population at Nfajuro Atoll had
doubled because of the influx of relatives who had
come back from other islands to live with them.
These people had been away from Rongelap
Atoll at the time of the accidental exposure. This

group matched reasonably \xell for age and sex
and was of comparable size. Since the r<tur-n of
the people to Rongelap, ho\\cver, this group has
about doubled in size.

Since the people are of the same stock geneti-
cally, they are uniquely appropriate to serve as a
comparison population and have, therefore, been
used since 1957.

1959 Survey

BACKGROUND MATERIAL

Organization

For the 1959 survey, 5 years after the accident,

the medical team consisted of seven physicians,

one dentist, tlvo scientific specialists, and nine
technicians from various institutions and labo-
ratories in the United States. Several hlarshallese
practitioners and interpreted assisted in carrying
out the examinations.

,4 group of five scientists from the University of
Ii’ashington, headed by Dr. E.E. Held, accom-

panied the group to collect soil, marine, and plant
samples for radiochemical analysis. These studies
are not included in this report.

Prior to the main survey on Rongelap, several

membem of the team visited Nlajuro to examine

p
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Fig.r. 2, \’illage street scene, Rongelap Island.~OE ~~CH1vM
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F@re 3. Group of Rongelap children
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15 children who are part of the ccsn[rol series for

the growth and development studies. Several

Rongelap people of the exposed group and the

‘ comparison population group who were living in,
Nlajuro were also examined.

The Navy kindly furnished a ship, the LST

USS Duva[ Coun~. The team met at Eniwetok
where the ship had put in to onload the 21-ton

steel room which had been stored there and also
the medical equipment and supplies. The medical
team was berthed and fed aboard the ship for the

expedition. The ship was beached at Rongelap
and Utirik for easy accessibility to the villages

Attitudes of Rongelap People

When the team arrived at Rongelap, the mag-
istrate of the village indicated that there was some

confusion and un~ertainty in the minds of some of
the people as to the necessity and significance of
repeated medical examinations. He thought it
wise to calj a meeting of the village people in the

council house so that they could ask questions to
help clarify the situation. For the past 5 years dur-
ing which the annual examinations have been go-
ing on there had been no problem in maintaining

excellent rapport with the people, and, indeed, the
relations of the team members with the Ronge-
lapese ~~ere always cordial and friendly. It was
recognized that there \vas slightly increasing re-

sistance to blood sampling procedures. Also there
was some discontent that, because of the high SrgO

content, they were forbidden to eat coconut crabs,
which they consider a delicacy (Figure 4). Since
the return of the people to Rongelap, copra pro-
duction had not increased to the extent that the
Trust Territoq officials had hoped. Consequently,
since copra production is the prime source of in-
come, there \vas some concern over the slowmess
with \shich the people were getting back on their

feet economically. It had become necessa~ to ex-
tend food subsistence beyond the time originally
planned. Fishing was not being carried-on a?s

acti~’ely as it should have been.
At the \,illage meeting the main questions cen-

tered around the necessity for the continued medi-

cal examinations in view of statements on the part

of the medical team in the past that the people
were generally in good health. It \vas difficult to

explain to them that, though they appeared to be
in good health and to have recovered from the

acute eflects of radiation, very Iittle was known
about the possible late effects of radiation, and

—— ——-. — --——— —-——. . ..—

continued examinations were cswntial in order to

detect and treat any untoward effects, should they
arise. The coconut crab problcm was brought up

again, and the reasons for prohibiting their con-

sumption carefully explained through the inter-
preter. To correct a misconception that several
cases of fish poisoning during the past year had

been due to eating radioactive fish, it was ex-
plained that fish poisoning had been going on in

these islands for yean and was not connected with
radioactivity. After much discussion, it seemed

that the people were satisfied with answers to the
questions, and preparations for the examinations

proceeded. Thereafter complete cooperation and
the usual friendly relations prevailed throughout

the stay on the island.
During the examinations a United Nations (earn

visited Rongelap. A meeting with the people was

held in the church (Figure 5), and many aspec~ of
the Rongelap situation were discussed. The repmt
of the UNT group was favorable to}vard the special
medical assistance being rendered the people.

Upon completion of the 1959 sutwey, a mmting
was held for the people, and they were ad~’ised

that they were found to be generally in good
health with no serious effects of their radiation ex-
posure apparent, but that continued examinations
would be necessary in order to insure continued

good health. They were also advised to try to im-
prove their oral hygiene and observe sanitary rules
to control the flies on the island.

Before the team left the island, a party was held
for the Rongelapese. The Xa\-y kindly furnished
a meal, and small gifts were exchanged as tokens
of appreciation of mutal cooperation.

DOE ARCHIVES
Figure 4. Coconut crab (robber crab, Birgtu latro), con-
sidered a delicacy by the hlarshallese. (Photo courtesy
American Nfuseum of Natural Histoq, New York, N. Y.)

. . .: .-— -,. ---- -:.. -.
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Figure 5. United Nations visiting group meeting with Rongelap residents in \-illage church, 1959.

PROCEDURES

location of Examinations

1ST Tank Deck. \4?tole-body gamma spectros-

copy was carried out writh the 21-ton steel room
placed in the after part of the tank deck, with the
air conditioned electronics room and the shower
facility close by. The people to be examined en-
tered the ship via the forw-ard ramp directly onto
the tank deck, proceeded to the shower facility
where they disrobed, took a complete soap and
water shower, and donned disposable paper cover-
alls and slipperx, and then proceeded to the 21 -ton
steel room, where a IO-rein gamma spectroscopy

count was obtained. Phono=~aph music was piped
into the steel room during the procedure. The

people, except very young children, showed no
evidence of fear or claustrophobia and appeared
to enjoy the procedure. Further description of the
gamma spectrographic me~hods ~-ill be presented
later.

The diagnostic x-ray machine l~as also set up in
the tank deck.

DOE ARCHIVES

Rongelap Village. As in 1958, the dispensary,

schoolhouse, and council house met-e used for the
examinations (Figure 6). Hematological and other
laboratory procedures and ophthalmological ex-
aminations were carried out in the dispensary
(Figure 7). Medical histories \vere taken and
physical examinations \vere made in the school-
house. The council house pro~’ided areas for an
administrative center, for collection of urine samp-
les, and for laboratory use by the ‘University of
\fashington group.

History and Physical Examinations

Histories \vere taken by a hlarshallese practi-
tioner with particular emphasis on the interval

history during the past year. A special survey W-as
conducted by the pediatrician to ascertain mom

accurately the birth dates of the Rongelapese, par-
ticularly the children.

Complete physical examinations were carried
out including examinations of the children for
grow-th and development (anthropometric m--
urements, and x-ray examinations of the lefi M-ri.st

/3
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Fi~re 6. Dispensaq and examination buildings, Rongelap Island

DOE ARCHIVES

I
I
i

figure 7. Hematolo~ laboratoq, Rongelap Island.
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and hand for bone dcvclopmcnt s[udics); studies
of aging criteria; special examinations of the skin

with color photography ofselectcd lesions; oph-

thalmo~ogical studies including slit-lamp observa-

tions, visual acuity, and accommodation; audio-
metric examinations; cardiovascular survey; and

x-ray examinations as deemed necessary.

In 1959, 96 exposed people, including their
children, and 166 unexposed people were exam-
ined on Rongelap.

Cordiovoscuhsr Survey. In view of the possible
association of late effects of radiation with cardio-
vascular disease, the following cardiovascular sur-

vey was carried out.
1. Clinica[ histories recorded present and past

health and illnesses, especially cadiac and pul-
monary symptoms.

2. Physica[ examinations incl uded the usual obser-
vations in the cardiovascular system in regard to

the rhythm and rate of the heart; the nature of the

heart sounds and murmurs, if present; the size and

shape of the heart by clinical indications; changes
in the arterial walls as observed by inspection of
the retinal arteries and by palpation of the radial,
brachial, and dorsalis pedis arteries; and the ap-

. pearance of the veins.

3. Instrumental procrdurcs: SystoIic a nd diastolic

blood pressures were obtained with the cuff-type
aeronoid sphygmomanometer. Oscillometry read-
ings were obtained from both legs at calf level by
the Collins type ofoscillometer. The highest of the

readings obtained at different pressure levels was
used as a single reading for each subject. Efec/ro-

cardiograms were taken on people 20 years of age
and over (84 unexposed and 38 exposed indi-
~’iduals). The electrocardiograms ~~ere taken by a

Sanborn Direct IKriting apparatus which had
been specially shock mounted for field use.* ’In al-
most all subjects the electrocardiograms were
taken with 12 leads, to include three standard bi-

polar limb leads, three augmented unipolar limb
leads. and six unipolar or ~? chest leads in accord
with the standard 12-lead procedure recommended

by the American Heart Association. The tech-
nical quality of the electrocardioqam was in most

instances relatively good, but there were two
handicaps, The electric po~ser for the instruments
was obtained fi-om a generator on the LST by run-

ning a cable ashore to outlets in the various build-

“\VCarc most grateful 10 the \fedical Equipment Research
Dcpartmcm, U.S. .%-my, Fort TotIcn, N. Y.. fnr use of this instru-
ment on a permanent loan basis.

ings used for [hc In(.dical cxaminati(]ns. I]}rlllctiun

currents often cauwd intcrfcrcnce, and gr{mnding

of the instruments at times \vas diff]cul{. There

were also technical variations because of \ariable

line vol[age and amperage. X-rayfrfms of the chest
were taken on selected subjects when indicated.

The number taken was kept to a minimum to
avoid additional radiation of the exposed people,

even though the dose involved was extremely
small. The films were used chiefly for the study of
the lungs and, to some extent, for measurement of

heart size and shape. Chest films were obtained on
11 subjects in the unexposed group and 7 in the

exposed group.
It should be pointed out that there was no

standardized basal or adjusted level of physical
activity, such as resting for one hour before taking
the tests. The patients \vere seen in the course of

the usual examination, as might occur in the out-

patient department ofa hospital. DOE ARCHIVES
Arfhrifis Survey. During the course of other

studies on the Rongelap population, it tras pos-
sible to obtain information on the prevalence of
arthritis and allied phenomena. Since little is
known of the prevalence of these diseases in trop-
ical populations, any such data would be a con-
tribution to the “geographic pathology” of the
arthritides’ besides being of interest in connection
\vith the possible ad~erse influence of radiation ex-

posure on degenerative diseases.
X-rays of [he hands and \\rists were graded for

osteoarthritis on a scale of 1 + to 4+ by the
method of Kellgren and Laurenceg as modified by
Blumberg et al.’ The same x-rays were used to

detect any cases of rheumatoid arthritis, other
arthritides, or bony abnormalities. * -4 small ali -

quot of serum (0.3 to 0.5 ml) was used to deter-
mine the presence of “rheumatoid factor” by the
bentonite flocculation test of Bozice\-ich et al.” In
this test, a titer of %2 or greater is considered posi-
tive, 1/i6 doubtful, and any titer below %6 nega-

tive. ” A joint examination on each of the Ronge-
lapese was performed by the medical examinem,
and any individual with significant joint findings
w-as re-examined by one of the physicians experi-

enced in the diagnosis ofjoint disease. Treatment
of the joint disease ~~as undertaken where indi-

cated.

●\Vc are indebted to the follo~ing pcrsonncl of the Xational
Instit.tcs of Health: Drs R.L Black, J.J. Bunim, and E.G.L.
Bjxatcm for rmicuing the x-rays: and Dr K. Bled for pn-forrn-
ing the bcnloni:c flocculation t6L

1$
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Dental Survey. Irttra-oral examinations were
conducted as part of the physical examination. All

patients were examined with mouth mirror and

explorer. Illumination was by standard operating

light. Salivary pH was taken by use ofpHydrion

on all subjects who were not eating candy or any
other foodstuff. Saliva samples were collected from

these patients at the time ~H determinations were
made. Intra-oral radiograms were not available.

Dental examinations were carried out on the fol-
lowing groups: 30 children at Majuro; all the
adu!ts.and children at Rongelap who were in the

physical examination group; and a number of
children at Utirik.

Studies af Aging Criteria

Although the exposed group has shown no out-
ward evidence visible by gross observation of any
accelerated aging effect of radiation, it was
thought desirable to have available measurable
criteria of possible age changes for use during nor-
mal physical examination. Therefore the over-all4
objective of this study was to establish tests to
evaluate any possible radiation-induced senes-
cence in the exposed group compared ~vith the un-

. exposed population living on the same island.
However, the data (presented in a later section on
results) collected during the 1959 survey (5 years
after exposure) sho~ved no apparent differences

between the exposed and unexposed groups.
Therefore the data from the two groups have been
pooled with the objectives of presenting the meth-
odology, indicating the trend of changes \vith age
of the various aging criteria chosen, and attempting

to determine a biological age score for individuals
and diflerent age groups.

This study was hampered by the small number
of people involved and the lack of vital statistics on
the Marshallese people. Another difficulty has

been the uncertainty of exact ages in some cases,

particularly in older people.
Data on aging criteria were recorded only on

adults 20 years of age and over. Of the 126 adults,
42 were in the originally exposed group and 84 in
the larger comparison population. Table 1 shows
the age and sex distribution. The ages were r~on-
ably well distributed except for a smaller number
of older people (>60 years of age).

The age criteria chosen were based on changes
generally bdieved to be associated w-ith physiologi-

cal senescence and represent only a small number

of the possible ones. They were selected with a

— —.-—
Tab!c 1

Agc Distribution in Rongclap Adul\ Population, 1959,
Used in Aging Study

Exped Un.posed

Age, v MF M F Total

20-24 0
25-29 2
30-34 3
35-39 1
40-44 4
45-49 1
50-54 1
55-59 2
60-64 0
65-69 0
70-74 1
75-79 0
>80 2

5
1
2
4
2
0
0
1
6
0
2
1
1

1 6
12 6
3 5
4 4
6 3
2 3
5 5
3
5 ;
2 3
0 0
0 0
2 0

12
21
13
13
15
6

11
7

14
5
3
1
5

126

view toward ease of assessment during routine

physical examination under field conditions, time
limitations, and language barrier. Therefore, un-

fortunately, tests of vigor and functional capacity
\vcre necessarily limited. *

Of the 15 criteria selected, 9 were measured
directly and 6 were estimated on a O through 4+

scale. Five tests involved the integument: (1) skin
looseness, (2) skin elasticity (retraction time), (3)
senile changes in the skin, (4) greying of the hair,
and (5) baldness. Four tests invol~ed the special
sense organs: ( 1) accommodation, (2) visual acuity,
(3) arcus senilis, and (4) hearing. The cardio-
vascular system \vas tested by ( 1) systolic and (2)
diastolic blood pressure recordings, (3) peripheral
art eriosclerosis, and (4) retinal arteriosclerosis.
There ~vas one test of neuromuscular function.

Vigor w-as measured by hand slrength measure-
ments. The test methods are described below.

lnfegumerrt. .4 special skin caliper was de-
signed for measuring skin looseness and elasticity

(Figure 8). The legs of the caliper can be opened
to any desired de~ee up to 5 cm on scale A by ad-
justing screw B. The spring tension when the cali-

per is closed on a fold of skin results in a pressure
of about 500 g. The inner and outer surfaces of the .
legs are calibrated in millimeter markings (C).

●Sc\cral tests, such as pulse and blood prmurr rcspnsc to a
two-s~cp test and \ital capaci~. wcrr tsicd but not used because
they proved unsatisfactory.

/b
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Figure 8, Skin calipers used in measuring ksoseness
and elasticity ofthc skin.

1. Skin looseness. * Preliminary investigation re-
vealed that the skin fold at the junction of the chin

and neck was the most satisfactory for the meas-

urement of skin looseness and also seemed to give
the best correlation with age. The measurement
was carried out by grasping the skin with the
thumb and forefinger, pulIing it gently out~sard,
and applying the caliper opened to 4 cm so that
each leg ~vas firmly against the skin lateral to the
fingers. The caliper was then allowed to close by

its own spring tension, and the height of the fold
of skin impinged }sas measured in mm on scale C.
The elongated ends of the legs impinge on a l-cm’
surface of skin and exert a pressure of 500 g. There
is little variation in spring tension in the last 2 cm
closing range of the caliper. The height of the fold
represented the degree of skin looseness. The pres-

ence of excess fat in the skin probably caused the
readings to err on the low” side, but this was not
thought to result in serious error.

2. .Win retraction time. * The back of the hand \vas
found most suitable for measuring the elasticity of
the skin. The hand and forearm were placed at

rest on a table. The caliper \vas opened to 2 cm
(on the crossarm scale) and allo~ved to close on a

“The reliability ofthc skin loos-encss and skin retraction time
mcasuremenu was tested by ha~-ing two examincm take data on
20 hospital pa~ients of various ages with the skin calipers. The
mean values ~ith their standard deviations were: for skjn I_-
nes.sin mm, 20.85&0.71 and 20.9020.70; for skin rctraclion
time in seconds, 58.2=8.13 and 58.75 A8. I8. No significant
dlKerencc was found between the means ofthc two cxamin%
who had previously ascertained that their techniques for using

the calipers were alike.

fold of skin several ccntinlclers j~r(,xima] to the

knuckles near the middle of the hand, wi{h the

long axis of the fold diagonal (45°) to the longi-

tudinal axis of the hand to avoid natural folds of

skin. The caliper was allowed to remain closed for

exactly 60 sec and then removed, and the time for

the skin fold to re(ract back to the normal skin

contour was measured in seconds. The exac[ end

point was sometimes dificult to measure in older
people; if the fold had not retracted completely in

90 see, this time measurement was used.
3. The exposed skin of the hands and face wasob-

served for the presence ofscnifc changes such as kera-
toses, nevi, pigmentation, etc. The degree ofsttch
change was estimated on a O to 4 + scale: the pres-

ence of only an occasional abnormality was scored
as 1 +, increasing abnormalities raised the score.

4. The degree ofgrving of the hair was expmsed
on a O to 4+ scale as follows: O, no greying; I+,
slight “salt and pepper;” 2+, moderate “salt and
pepper;” 3+, nearly complete greying; and 4+,

complete greying. DOE ARCHIVES
5. The degree of baldness was expressed on a O to

4+ scale as follows: O, no apparent balding; 1+,
slight receding of the hair at the temples; 2+,
marked receding of the hair at the temples with
some thinning; 3+, marked thinning and bald-

ness; and 4+, baldness complete to a “monk’s
cap” type.

Special Senses. 1. A cconimorfu(ion* was meas-
ured in diopters by use of the Prince refracting

rule. The average reading of the t\~o eyes was used.

2. Visual acui~* was measured by Snellen’s test.
It }vas found that use of the square root of the

average visual acuity (denominator) of the two

eyes made the scale more compressed and more
linear. Thus the best vision, 20/1 O, \vas repre-

sented as 3.2 (the square root of 10) and the worst,
20/200, as 14.1 (the square root of 200), and irs-

termediate readings \vere similarly recorded.

3. Arrur Jenifis was estimated on a O to 4 + scale.
only slight limbic clouding ,vm scored as ] +, and
increasing clouding raised the score.

4. Hearing* was tested in a tent in a quiet loca-
tion with a rugged screening-type audiometer.**

“The tests wcre carried out under standardized conditions, bu~
in view of tht necessity of using an interpreter under field con-
ditions, it was not feasible [o repeat thcm with a diffcrcnl exami-
ner. The data arc thought ro tr suf%cntly rcprcduciblc to & of
relative value. although no~ w aczuratc pc.rhaps as those ob-
tained under more desirable conditions

“ “The authors arc grateful to h. Arrncd *ICCS hfcdical %
curemcnt A,genq, Fort Tottcn, N. Y., for loan of the audiomctcc.

fl
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Impairrncnt of hearing was averaged for the two

ears as follows: the decibel loss for each of seven

frequencies (200, 500, 1000,2000, 3000,4000, and

7000) in each ear was averaged to give a mean:
frequency loss in decibels for the two cam.

Cardiovascular Changes. 1. Systolic and dias-

tolic bloodprcmues were ob(ained with the stand-

ard aeronoid cuff-type sphygmomanometer. Two
readings were obtained, and the average value
was used. There w,as no basic or adjusted level of

physical activity such as resting for a standard
period prior to the readings. Pressures were taken

on the left arm with the subject supine during the

course of the physical examination.
2. The degrees ofperiphcral arteriosclerosis and

retina[ arteriosclerosis were scored on a O to 4 + scale.

The former was estimated by palpation of the
peripheral arteries, the latter by viewing the retina
with an ophthalmoscope.

Neuromuscular Funcfion. Neuromuscular func-
tion was measured by having the subject depress
the kcy of a hand tally type of blood cell counter
as many times as possible in the period of one min-
ute. The total number ofdcpressions represented
the score.

Hand Sfrengfh. Hand stren~h was measured
by a Smedley hand dynamometer. * The spring
tension of the hand grip was measured in kilo-

grams. The maximum squeeze strength in the
dominant hand in three tries was recorded.

Handling of Data. Because ofse.x differences,
some of the above criteria were evaluated sepa-
rately for the t~vo sexes; these were baldness, neuro-
muscular function, and hand strength.

In order that the estimated and measured data
could be compared and combined, both types of
data uere converted to a percentage scale. The

estimated values O, I +, 2+,3+, and 4+ \ierepre-
sented also as O, 25, 50, 75, and 100’%, respecti~,ely.
In the case of the measured data, the values associ-
ated \vith least aging were taken as zero percent

(sometimes the highest reading, as \vith hand
strength; sometimes the lowest, as \vith hearing
loss), and those indicating most aging as 100%.

The data ~vere examined on both an indi~idual

basis and a population basis. A mean age score
~vas obtained for each individual by averaging all
his percent test values. In studying population
trends, means ~vere calculated for each criterion

by 5-year age groups (in most cases) including

●C.H. Stoclting Company, Chicago, Itl.

ct)lnl)i]lcd cx])[)~vd and uncxpf]~cd populations;

thmc mere plottt.d, and a cwmc \vas dra\vn accord-

ing to the best fit by eye. A curve ~~.asobtained in

the same way of the 5-year group means of the
individual mean age scores. The combining of

scores into 5-year age groups was done to reduce
possible errors due [o the uncertainty of the exact

age of some individuals.
DOE ARCHIVES

Laboratory Procedures

Hemafological Examinaf;ans. Two complete

routine blood counts were done, about a week
apart, and a third \vas done on persons showing

abnormalities. M’bite blood counts, red blood

counts, and Price-Jones curves (for determination
of red cell size distribution) were obtained with
the electronic Coulter, which proved very satisfac-

tory and time-saving for this type of field examina-
tion. Differential counts were performed in the
usual manner after staining with Wright’s fluid.
Platelet counts were done by phase microscopy,

and hemoglobin was determined by the cyan-
hemoglobin technique w~th the Lumitron calorim-
eter. Serum proteins were determined with \he
Hitachi refractometer. Blood and serum samples
for the studies described below were collected in
the field, kept under refrigeration, and shipped by
air to the various laboratories in the United States
for analysis.

Urine Analyses. Routine urine analyses were

carried out on all people receiving physical exam-

inations. These included determinations of pro-

tein and hyperglucosuria by reagent paper s:rips. *
In all cases sho\ving positive findings, the urine
~ras centrifuged and the sediment examined mic-

roscopically. In the four cases sho~ving positive

urine sugar tests, fasting blood specimens \vcre ob-
tained and analyzed for blood sugar al the .Xaval
Dispensary on Kw-aja]ein.

Serum Cholesterol. Serum cholesterol was

determined in blood samples drawn from exposed
and unexposed Rongelap people, and also in
about 70 blood samples from people at Utirik
Island and 63 from people at Majuro Atoll. These
analyses \sere done at the NTational Institutes of
Health by Dr. J.H. Bragdon and h4r. J.C. Lauter.

Compfernenf Fixation Tests. Serum samples ob-
tained from 163 exposed and unexposed Rongelap
people \vere frozen and sent to the N’ational Insti-
tutes of Health for various examinations. Com-

“Clinistix, Ames Company, Inc., E1l.harr, Indiana.
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p]ctncnt fixation tests were carried out by hfr. H.
Turner and Dr. R.J. Heubncr for the following

diseases: para-influenza 1, 2, and 3; respiratory

synciti~l; psittacosis group; and Q fever. The

modified Bengtson method was used.’’”]z

Sodium and Potassium Levels. Determinations

of sodium and potassium urinary excretion and

dieta~y levels were carried out by Dr. L.K. Dahl

of Brookhaven National Laboratory. This study
was made to see whether there was any correla-

tion between salt consumption by the Rongelapcse
and blood pressure levels. Both spot and 24-hr

urine collections on about 200 people were tested
for sodium and potassium levels by flame photom-

etry. Several sample meals from the Rongelap

people were also analyzed.
Thyroid Metabo!;sm. Since the largest dose to

any part of the body had been received by the thy-
roid glands in the Marsh al]ese, studies of the
metabolic state of the thyroid gland have been of
interest. These studies have been made by Dr. J.E.
Rail at the A’ational Institutes of Health. Samples
from the previous years’ surveys had shown sur-
prisingly high protein-bound iodine levels. In

order to determine whether this was a true finding
or due to contamination of glassware, 14 samples
were again collected, \vith \’ery carefully cleaned
glassware used. In addition to protein-bound
iodine, butanol-extract able iodine and thyroxin
binding proteins were determined. Several urine
samples were analyzed for total iodine content.

Serum Vitamin B, ~. Determinations of serum
vitamin Blz concentrations done during the pre-
\ious year’s survey gave ~alues higher than nor-

mal in the majority of the hfarshallese people.
Therefore, 15 samples from the 1959 survey (7

from persons tested the year before) \vere anal}-zed
by Dr. D. M’. Watkin of the National Cancer In-
s[itute, Xa[ional Institutes of Health.

Studies of Genetically Inherited Characteristics

Studies of genetically inherited characteristics of

blood components and urine were continued on
samples brought back to laboratories in the

Uniled States. Such studies, although not directly
related to radiation effects, are of interest in under-

standing the anthropological background of the
people and in establishing a base line of genetic
characteristics for detection of possible genetic ef-
fects of radiation in future generations. These
studies included the follo~~-ing: blood groups ABO,
hlN, Rh-Hr, and Duffy, Ken, and Diego by Dr.

I.r-on N. Sosiman, llc~h lsracl Iif,\IJital, Ncw
}’ork, N. Y.; and hap[oglobins by I>r. B.S. Illum-

bcrg and Zora Ccntile of[he National Institutes
of Health. Blood samples were obtained from 176

individuals representing 70’Z of the inhabitants of

Rongelap for the above studies. Aliquots of urine

samples from 65 exposed and 119 unexposed

people collected for routine analysis were used for
determination of~-amino-iso-buty ric acid. Eight-
een urine samples from Utirik were also analyzed.

Blood Groupings. To complement studies be-

gun in 1958, blood grouping studies were carried
out on 57 of the blood samples mentioned above.
In addition, 64 blood samples were collected at

Utirik, and 65 at Majuro for this purpose. Dr.
Sussman tested these for ABO, hfN, Rh-Hr, and
Dufi, Ken, and Diego factors.

Hap foglob;n and Transferring. Further analyses
for haptoglobin by the method of Smithies were

carried out on these samples at the Xational In-
stitutes of Health. Transferring were determined
by the discontinuous buffer starch gel method of
Poulikl’ on 66 Rongelapcse sera, and on an addi-

tional 40 sera by the borate buffer, horizontal
method. ” N’o transferring types other than CC

were seen. DO13 ARCHIVES
Hemoglobin Types. Furth~r-starch gel electro-

phoretic studies of hemoglobin types were also
made on these samples by Dr. R.L. Engle, Jr., and
Dr. G. Castillo of the Cornell University hlcdical

Center, A’ew York, N’.Y.
Glucose-6 -phosphate Dehydrogencrse AcfivIty of

Red Cells. \’arious studi~ have indicated that a de-

ficiency of the enz}me of red cells is transmitted by

a sex-linked gene. Individuals with this deficiency

can develop a hemolytic anemia after the inges-
tion of certain drugs (e. g., prima quine or fava

beans’ =-” )-
In the present stud}- the blood samples were co-

llected in ACD soluIion, refrigerated (4” C), and
sent by air to Seattle, Il”ashington, \ihere the tests
\vere done by Dr. Arno G. Nlotulsky, Department

of hledicine, University of J1’ashinglon. All tests
were performed \\”ithin one \veek of collection.

Tests were done on 151 individuals: 75 males, 75
females, and one not classified.

&Amino-iso-bufyric Acid (BAI%) Excrefion. Dif-
ferential excretion of ~-amino-iso-buty ric acid

(BAIB) is under genetic control, and family data
indicate that a single major gene pair is respon-

sible for most of the \-ariations. *g.20High excretors
are homozygous for a single recessive gene, and

[7
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low excrc[ors either hetcrozyguus or hornozygous

for the dominant allele. Striking differences in the

incidence of high excretors in various populations

have been demonstrated, and it appears that this

genetic polymorphism may be of considerable
value in anthropo-genetic investigations. *],*Z

As a part of the study of the genetic relation-
ships and origins of various Pacific peoples, this re-

port extends observations on B.41B excretion to
the Micronesians inhabiting the hfarshall Islands.

The fact that some of the Micronesians were cx-

pos<d to considerable radiation in 1954 is of
special interest here, since it is known that radia-
tion exposure can, temporarily at least, increase
BAIB excretion,zs and studies on the Marshallese
population may elucidate possible long-term ef-
fects.

Urine samples from 65 exposed and 119 unex-
posed people (75.77. of the population of the vil-

lage) were collected in p!astic bottles containing
thymol preservative. The sexes were equaIly repre-
sented, and the ages varied from 3 to >70 years.
In some cases several memkrs of the same family
were included, and some kinships suitable for
genetic analysis were available. Eighteen samples
collected on Utink were also studied. Urines w,ere

kept at 4°C and shipped in refrigerated containers

to Seattle for analysis. These studies were carried
out by one of us (B.S. Blumberg) and Dr. S.A.

Gartler of the Department of Xledicine, School of
hledicine, University of Washington. Studies were

completed 2 to 3 weeks after collection of the spec-

imens. Determinations of B.41B were carried out

by high voltage electrophoresis on paper,” and

creatinine ~~as determined by the alkaline picrate
method.

Rctdionuclide Body Burden Evaluation

The methods used in the radionuclide body
burden e\’aluation are described later in a sepa-
rate section.

carried out every year need be dotlc only once
every two to t}]rce years. In adcji[ion, as pointed

out before, the Trust Tcrri[ory ofiicials were csmt-

cerned about the slowness of economic recovery of

the Rongelapese and felt that the numerous visit-
ing scientific teams, particularly those with large
ships and crews, were partly responsible for the

unrest of the people and therefore requested that
the size of the surveys be kept to a minimum. It
was decided to defer the gamma spectrographic
analysis until 1961. The Trust Territory officials

agreed to greater participation of their medical
personnel in future surveys and to the use of one

of their cargo ships (Figure 9), which routinely
made the rounds of the islands for gathering eop
ra, for carrying out the survey at Rongelap. Ac-

cordingly, for the 1960 survey the team consisted

of only one physician and one technician from
Brookhaven National Laboratory, and the m-

mainder of the medical group, arranged by the
Trust Territory, included its Director of Public

Health, two Marshallese medical officem, and two
Micronesia laboratory technicians. The Dh-ector
of Dental Services and one of his dental offsc-
also accompanied the team to carry out treatment

of the people. The District .Administrator of the
hlarshall Islands accompanied the team in order

to consult with the people on their agricultum.1
pro~am.’

As in the previous year, several of the exposed

people now living at Kwajalein and Alajuro Atolls
were examined at these atolls prior to the Rortge-
lap visit.

DOE ARCHIVES

PROCEDURES

As in previous surveys, examinations \vere

carried out in the dispensary and the schoolhouse
in Rongelap ~-illage. Inten-al medical histories and

complete physical examinations ~vere carried out

1960 Survey

BACKGROUND MATERIAL

The 1960 survey was reduced in size and scope
and limited to a very brief examination of the ex-

posed people only. Several factors brought about
this change. The people had recovered to the CX-

tent that certain special examinations previously

“Again in 1960, when the team arsivcd at Rongclap, the mag-
kratc requested a meeting with tic people. The line of questions
and discussion was abut tic same as that reported for the pm-
~tiousyear. R=is:ancx IoMard SAC—inations was c%pd by
only onc or two of the people. Objections were again s-aid
against the ban on sting cocmnut crabs, which s+ctivcly crm-
ccnlratc Sr9” to such an ex~cnt that their consumption had to be
prohibited (FIgurc 4). The people were assured that these crab
were king rcpcatcdly examined and that, when it was safe to
cat them, immediate notification would be gii cm FNh poisoning

apf=cntl~ had ~n less ofa problcm during the p~t yW ShX
only one case had been noted, and the subject wzs not brought

UP again. FOllO*+ng this -c%, -w-tion by the PCOPIC~
the examinations was atmast compktc

—--—. ..—----- —--—_— ~.—. .— -.. .- —- —--—-—. -———— -—-—- ---.———. —-—.



15

Figure 9. Trust Territory ship used for 1960 survey, anchored in the lagoon off Rongclap vi!la~

DOE ARCHIVES

Table 2

Percent Distribution of Population by Age Groups

Rongelap control Rongelap exposed Nlarshall Islands Us.

Age, YT (206 people, 1959) (102 people, 1959) (1 948-50) (1 940)

<15 45.6% 49.070 33.87. 25.1%
15-24 11.2 12.7 18.9 18.2
25-44 23.8 20.6 25.9 30.1
45-64 15.0 10.8 15.5 19.8
>65 4.4 6.9 5.9 6.8

hledian age, yr 19.0 16.2 23.6 ~g,()

on the exposed population only. The histories \vere
taken by one of the Marsh allese doctors. Com-

plete physical examinations were done, but special
examinations, such as slit-lamp studies of the lens
and anthropometric measurements on the chil-
dren (except for height and weight), were not
made. One hematological examination was m-

ried out on the exposed population which in-
cluded 1$’BC by electronic counting technique

(Coulter), differential smears, smears for alkaline

phosphatase staining, and basophil counts. .About

thirty 24-hr urine samples were collected from

exposed and unexposed people for radiochemical

analysis to determine body burdens of SrgO.

Results and Discussion

The results of the 5- and 6-year post-exposure
surveys w-ill generally be repined together.

INTERVAL MEDICAL HISTORY

The census of Rongelap as of 1959 was 308
people, of whom 82 had been exposed, 20 were

children born of the exposed, and 206 were unex-
posed. A census was not taken in 1960, but the

number of people appeared to be about the same.
Table 2 shows the percentage distribution in the
population for the Rongelap exposed and unex-

A
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posed groups, compared with that for [he Xlar-
shall Islands as a whole in 1948-50 and for the

United States in 1940. The table also shows the

I median ages. The lower median age of the hfar-.
shallese would seem to support the impression that

their life span is shorter than that in the continen-

tal United States

During the interval between the surveys of 1958

and 1959 the people of Rongelap suffered no

major epidemi~. There were the usual bouts of

upper respiratory infections. A few cases of chicken

pox developed in April 1958, two of great severity,
one of which resulted in the death ofa 36-year-old
man (#31) from the exposed group. During the

year Navy evacuation planes removed these two
cases to Kwajalein Hospital ( 150 miles away) for
treatment, and also the following cases: perforated

apwndix, threatened abortion, retained p]acenta,
complicated delivery, pyelonephritis, and acute

diarrhea. Three of these patients were in the ex-

posed group. Four cases of fish poisoning occurred
during the year with the usual symptoms of nau-

sea, vomiting, diarrhea, fever, double vision, and
tingling sensations in the limbs. Cancer of the
ovary was found in a 61-year-old woman in the
exposed group, and the diagnosis ~vas confirmed
by biopsy.

During the inlerval between t}ic 1959 and l!WO
surveys the medical his\ory of the proplc on Ron-

gclap Island was generally uneventful. Ho}ycver,

an epidemic of influenza occurred in the hfarshall

Islands in the spring of 1960, and, ~hough Ronge-

lap Atoll was spared, the epidemic reached serious
proportions on Kwajalein Atoll. About 20 ofthc

unexposed Rongelap control population had pre-

viously moved to Kwajalein Atoll for employment

by the Navy, and among this group 10 cases of
influenza developed, two of which became com-
plicated by pneumonia resul~ing in death - one in

a 55-year-old man (#933) and the other in a 64-
year-old man ( #927). Both these men had com-
plicating diseases prior to influenza; one had suf-

fered a cerebral hemorrhage with hemiplegia sev-

eral months earlier, and the other a urinary tract
infection. The 61 -year-old woman with cancer of
the ovary, discovered in 1958, died in May 1959.

Unfortunately, no autopsies were obtained on
these people. This brings the deaths to four for
the exposed population. One other death occurred
in the unexposed control population on Rongelap,
that of a 54-}ear-old woman ( #854) who died of

infection complicating diabetes. The deaths in the
unexposed population now number four. Only
one case of fish poisoning occurred in 1959 on

Table 3

Yearly Incidence of Births and Fetal Deaths”
DOE ARCHIVES

Children Yc Pregnancies
1$’omen aged Total Live terminating in

Year 14-45 pregnancies births M F hfiscarriages” miscarriage

Exposed

1954”” 19 1 0 0 0 1
1955 20

100
6 5 4 I 1

1956 20
17

6 4 0 4 2
1957 21

33
5 2 2 0 3

1958
60

22 14 8 4 4 6
1959

43
22 5 5 2 3 0 0

Total 37 24 12 12 13

Unexposed

1956 18 8 6 5 1 2 25
1957 18 8 6 2 4 2 25
1958 18 4 3 2 1 1 25
1959 17 6 5 1 4 1 17

Total 26 20 10 10 6

“Includes children dying during Fm.tfew hours after birth.
** Inc]ud~ only children cxmcei~ed after March 1, 1954.
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Rongclap. I)uring that year the health aide was

visited frequently for upper respiratory infections

(ncar]y everyone had at least one cold during the

year). Gastrocnteritis was also a frequent com-

plaint.

REVIEW OF DATA ON MORTALITY

AND PREGNANCY TERMINATION

OVER THE PAST SIX YEARS

Mortality

The four-deaths that have occurred in the ex-

posed Rongelap people during the past 6 yearn
give an annual rate of 8.1 per 1000 population.

The Marshall Islands annual rate is reported as
6.8 per 1000. The unexposed Rongelap popula-

tion has had four deaths also, which gives a rate of
8.3 per 1000. These figures do not include fetal
and infant mortality. The people of Utirik Island,
who received about 14 r of radiation in the 1954

accident, have shown a death rate of about 10to 11

per 1000 population. Their population has varied
between 160 and 213 people since the event.

Pregnancy Terminations

During 1958 six miscarriages and stillbirth

were recorded in the exposed group, but none was

reported in this group for 1959. Only one was re-

ported for each of these years in the unexposed
\vomen. Pregnancy terminations in the exposed

Table 4

Summary of Pregnancy Termination Data,
Rongelap Exposed (195+1959)

and Rongelap Unexposed (1 956-1959)

~G ‘%
Exposed Unexposed

\$-omen gi~ing birth to Iiving
children 64 66

\~omen w-i[h miscarriage* but
no live births 18 11

\$’omen with no recorded
pregnancies 18 22

\$’omen with 1 or more
miscarriages 41 28

\$’omen with 2 or more
m iscarri ages 14 11

Pregnancies terminating in
miscarriages 35 23

*Includa children dying fit few hours after birth.

17

group arc compared with those in the unrxposcd
group in Tables 3 and 4. Since any radiation-in-

duced genetic irnpcrfcctions that might result in

nonviable offspring might & present in the germ

plasm of the father as well as the mother, two un-

exposed women mated to exposed men arc in-
cluded in the exposed group. Four children born
in 1954 were excluded from the list because they

had been conceived before the accident.
Table 3 and Figure 10 show the yearly inci-

dence of live births and miscarriages and the sex

of babies born of women of child-bearing age in
the exposed and unexposed groups. Under the

category of miscarriages are included stillbirths
and babies dying a few hours after birth. It was
unfortunate that in most cases it was not possible

for physicians to inspect the products of miscar-
riage. F@re 10, a plot of the percentage incidenct

of miscarriage in the two groups, indicates that it

is somewhat greater in the exposed group. The

data on pregnancy terminations, summarized in
Table 4, also show an increased incidence ofmis-
carriage in the exposed group.

The birth rate in the hfarshall Islands in 1957

was 37.3 per 1000 population. The 24 live births

DOE ARCHI\TES
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over a 6-yr-ar period in the exposed population
represent 48 per 1000, and the 20 births ovcra

4-year period for (he unexposed population rcpre-

~ sent a rate of 62 per 1000. The four in ufcro irradi-

ated children did not show any abnormalities nor

have they shown any impairment of growth and

development.

PHYSICAL EXAMINATIONS

At the times of the 1959 and 1960 surveys of the

IM?rshallese, the people appeared to be generally

in a state of good health and nutrition. There was

no indication of vitamin deficiencies such as had

bvcn olxcmcd in 1957 in the chilclrcn, wl]cn a!xmt

10 had night blindness associated with vitamin A

deficiency.’ The improvement may be due in part

to the argicultural program on the island rmulting

in the availability of papaya and squash. The

usual number of skin infections and fungus dis-

eases was noted, as was the usual incidence of

impetigo in the children.

PEDIATRIC EXAMINATIONS

The numbers of children seen during the 1958,

1959, and 1960 surveys are summarized in Table

5. In the limited 1960 sutwey, only the body meaa-

Tablc 5

Numbem of Children Examined in 1958, 1959, and 1960 DOE ARCHIVES

In 1958 but In 1959 but In ] 959 but
In 1960 In 1959 In 1958 not in 1959 not in 1958 not in 1960

Exposed 35 34 39 5 (5)* o 0
Noncxposed with exposed parents 10 20 13 0 7 10
N’oncxposed, Rongelap 51 82 88 16 (3) 10 34 (2)
h’onexposed, Majuru o 15 20 6 (2) 1 15
Utirik o 60 0 0 60 60

●hTumbers in parentheses are numbers ofchi]dren not examined who had become adults or ne,ar-adul~ since the pre-
ceding survey.

Table 6

Summary of Physical Findings on Children, 1959

Exposed Nonexposed with Non exposed Nonexposed
Rongelap (34)* exposed parenrs (20) Rongelap (82) hfajuro (15)

Chronic impetigo (ac[ive) 10 i’ 25 0
hlolluscum eontagiosum o 1 6 0
Tlnea versicolor 2 0 0 2
Chronic o~itis media o 0 4 0
Palpable liver

Under 3 cm 4 1 15
Over 3 cm

2
5 2 11 2

Cerx-ical nodes 14 6 36 8
Axillary nodes 8 2 13 3
Rheumatic heart disease, inactive 1 0 0 0
Vitiligo 1 0 0 1
Cheilosis o 0 0 1
Asthma o 0 1 0
b= of hearing, unilateral o 0 1 0
Elevated blood pressure** 0/20 0/36
Ob+ryin girls >10 years of age** 1/4 0/7 0/8

*Number examined.
““~~tirik group showed no elevated blood pressure in 58 children examined, and an incidence of obesity in girls >10

years of age of 7/16.

2+
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urcmcnts were dctcrlninc-d in children. Compari-

sons Jave been made bctwccn the numbers exam-

ined each year. Excluding those who were shifted

into thqadult study, the total over-all attri(ion

rate between 1958 and 1959 was 10’7o. Of the 18

children not seen in 1958 but examined in 1959,

14 were babies born in the interval between the

two examinations.

The age distribution of children examined in

1959 was as follows:
Age, y-r

.
<4 4t09 >10 Total

Exposed 19 15 34
Nonexposed with

exposed parents 20 20
Noncxposed, Rongclap 30 26 26 82
Nonexpsed, Majum 6 9 15
Utirik ? ? ? 60

The occurrence of various medical conditions is

summarized in Table 6. There seemed to be no

concentration of clinical abnormalities in the ex-

posed groups. Since the incidence of many of these
conditions could have been related to the ages of

the children at the time of examination, t\vo of the

most frequent findings, active chronic impetigo

and palpable liver over 3 cm in size, were tabu-

lated separately for several different age groups

(Tables 7 and 8). The ages were based on the best
a~’ailable birth date estimations. A tendency for

these findings to occur more frequently in the

younger children was noted. The incidence, how-

ever, did not appear to be related to exposure to
radiation.

During the physical examinations, the following
congenital anomalies ~~ere recorded:

Pa~ent ductus arteriosus (repaird) 1 (Subject =805)
Deformity of the hip 1 (Subject =896)
Pectus excavatum 1 (Subject +2265)
Bifid uvula 1 (Subject =2269)

In addition, the incidence of congenital hypo-

plasia of the middle phalanx of the fifth finger w-as

determined from inspection of the rocntgenog-arrts

of the left hand. The incidence in relation to var-

ious exposure categories w-as as follows:

Incidence

Exposed, Rongelap 2/33
h’onexposed with exposed parents 0/4
Nonexposed, Rongelap 5/53
Nonexposed, h!ajuro 0/14
Utink (low exposure) 5/51

Ilypop]asia ofthc ]nidd]c phalanx has bt.cn re-

por[ed as occurring in the normal population in

incidcnccs ranging from 0.57c to 5.2%. The anom-

aly was found to have considerably greater fre-

quency (25%) in Japanese children.z’ The over-all

incidence in the Marshallese children w= 0.7770.

Pediatric dispensary work was carried out pre-

ceding and following the regular examinations. In

all, 36 children were treated. The presenting com-

plaints are shown in Table 9.

Table 7

Incidence of Chronic Impetigo (Active)

Age, yr

<4 4-9 >10 Total

Exposed 7/19 3/15 10/34
Nonexposed with

exposed parents 7/20 7/20
Nonexposed, Rongelap 13/30 7/26 5/26 25/82
h’onexposed, Majuro 0/6 0/9 0/15

Table 8
DOE ARCHIV~

Incidence of Palpable Liver (Over 3 CM)

Age, yT

<4 4-9 > IO Total

Exposed 5/19 0/15 5/34
Nonexposed with

exposed parents 2/20 2/20
Xonexposed, Rongelap 6/30 5/26 0/26 11/82
Nonexposed, \fajuro 1/6 1/9 2/15

Table 9

Pediatric Dispen~ \-isits During 1959 Sumcy

Presenting complaint Number of patients

Cough 18
Back or limb pain 5
Skin sores 3
Otitis 3
Diarrhea 3
Anorexia 3
Headache 2
W’orrns 1
Imss of hearing I
Laceration 1
.Abdominal pain 1

2$
.—. — ._. — —— -——— -——— .--. —.— —-——. — - —-- .. —— -- ---



20

Growth and Development Studies a fcw instances showed conflict bcIMcvn Ihc rc -

curdcd date and [he available circurl)s[ antiale~~i -

dcnce.

Since almost all analyses of grow-th data depend

basically on the” use of chronological ages, the

painstaking task of improving the validity of the

age data was undertaken. This amounted to a

virtual reconstruction of the biological history of

the childhood population of the island. Interviews

were held with the parents, relatives, and village

elders. Cross-examinations were conducted to ob-

tain all relevant information. In spite of these ef-

forts, a significant lack of accurate information re-

mained in many cases. Further attempts to cheek

birth dates are necessary before classification of

the children into age groups can be done with

reasonable validity.

An earlier analysis of the skeletal ages of the

Marshallese children had indicated possible re-

tardation in development among the exposed

group.5 Since such comparisons required reference

to accurate chronological ages, further detailed

analyses of this type were deferred. It was noted,

however, that in the 6-year chronological age

group three boys and one girl out of five boys and

t~vo girls exposed to radiation \vere markedly re-

tarded in skeletal maturation (Table 10). The

birth dates of these particular children seemed

firmly established. The boys showing most retarda-
tion ( =2, 3, and 5) were 16 to 17 months old and

the girl ( =65) 15 months old at the time of expo-

In evaluating the growqh and dcvclq]mcnt data

on these children, serious inconsistencies in birth

date information have been uncovered. OfFtcial

written birth records did not exist for most of tie

children. The parents actually had no realistic

perspective of time. No local or regional events,

tragic or otherwise, were remembered to serve as

reference points. The births of some children had

been regis~ered at Majuro, but even among these

.

Table 10

Skeletal Ages in 6-Year-Old Children

Age at
Subject exposure, Chronological Skeletal age*

No. Sex mo age in 1959, yr in 1959, yr

2 M 16 6 %2 4 %2

3 M 17 6 %2 2’%2
5M 16 6 %2 3 %2
6 M 16 6 %2 5 %2

65 F 15 6 %2 3 %2

33 F 20 6 %2 7 5’12
54 M 12 6 %2 t

955 F ● * 6]%2 t
962 F ** 6 %2 t
980 F “* 6 %2 6“%2
996 F ** 6 %2 t
814 M “* 6’%2 5 %2

●GreuIich-Pyle standards.
* “Control.
tNo film.

Table 11
Comparison of Stature ( 1958, 1959, and 1960)

of Ch. ”‘ciren \\.ith Retarded Osseous Development

“ith That of Their h-ex~ Younger Sibs
Height and \Veight of 6-Year-Old Children

Skeletal age peers

Subject Height, Iveight, Height, \Ceight,
No. cm lb cm lb

2 108.3 41.5 99.3 32.0
3 102.2 39.5 95.3 32.5
5 98.8 36.0 104.8 36.1
6 106.3 41.0 109.0 41.0

65 98.4 33.0 — .

33 115.8 43.8 118.2 47.4
54 112.5 47.5 —

955 117.5 47.5 . —

962 108.3 42.3 — —

980 112.8 43.8 —

996 108.0 35.0 — —

814 111.7 43.0 — —

Starure, cm

Sex Born 1958 1959 1960

Subject ( =5)
Sib (=85)

hf 10/20/52

M 9/ 7?54
95.7
95.5

98.8
100.9

102.2
108.0

Subject ( =2)
Sib (;91)

103.0
89.8

108.3
97.1

115.6
104.1

Subject (#3)

Sib (:83)
M 9/1 1/52
hf 6/ 8/54

98.5
97:6

102.2
98.6

106.7
113.0

Subject (%65)
Sib (#86)

F 12/ 4/52
F 10/ 17/54

93.0
90.6

98.4
97.0

102.9
103.5

Subject ( #6)
Sib (+84)

h{ 10/14/52
hi 5/31/54

100.4
94.2

106.3
98.6

111.8
104.8

24
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Table 13

Comparison ofArtthro~mctric Data ( 1959) on Children With Retarded
6 Osseous Dcvclopmcnt With Tbosc of Their Next Younger Sibs

Subject Age in W’eight, Slat urc, Sitting Head Biacromial Bi-iliac
No.

Calf
1959, yr lb em height, cm circumfcrcnce, cm width, cm width, cm cit-cumfcrcncc, cm

5 6%z (2)* 36 (2) 98.8 (1) 54.6 (1) 48.3 (2) 21.6(1) 17.0 (1) 22.0 (2)
85 4%2(1) 33 (1) 100.9(2) 56.0 (2) 46.0 (1) 22.0 (2) 17.8 (2) 20.8 (1)

2 6%2 (2) 41.5 (2) 108.3 (2) 60.3 (2) 52.7 (2) 22.8 (2) 18.0 (2) 22.6 (2)
91 4%,(1) 34.5 (1) 97.1 (1) 56.3 (1) 49.5 (1) 21.6(1) 16.8 (1) 21.4 (1)

3 6%”2 (2) 39.5 (2) 102.2 (1) 57.4 (1) 49.3 (1) 22.3 (-) 16.9 (1) 22.6 (1)
83 4%2 (1) 38.3 (1) 104.7 (2) 59.5 (2) 50.0 (2) 22.3 (-) 17.0(2) 23.6 (2)

65 6%2 (2) 33.0 (2) 98.4 (2) 55.8 (2) 47.2 (1) 20.8 (1) 17.5 (2) 20.1 (-)
86 4%,(1) 29.8 (1) 97.0 (1) 54.5 (1) 48.4 (2) 22.0 (2) 16,6(1) 20.1 (-)

6 6%2 (2) 41.0 (2) 106.3 (2) 59.3 (2) 49.3 (2) 23.0 (2) 17.0 (2) 22.4 (2)
84 4%, (1) 35.5 (1) 98.6 (1) 55.0 (1) 48.3 (1) 21.6(1) 16.5 (1) 21.3 (1)

● Numbers in parentheses refer to ranking of each item, (1) indicating the younger child or the smaller measurement
of the pair and (2) the older child or the larger value.

DOE ARCHIVES
sure to radiation. One boy ( #6) showed less re-
tardation. One boy and one girl, also about the
same age, were exposed to radiation but did not

show any retardation in bone development.
The height and weight of the one exposed girl

with retarded osseous maturation were consider.

ably below those of chronological age peers (Table

11). However, measurements on the one exposed

girl with normal bone de~-elopment ( #33) were

not inferior to those of control chronological age

peers. She \vas slightly smaller ~han her control
skeletal age peers. For the boys, unfortunately,

there were insufficient control chronological age

peers for calculation of means. Comparison with

skelatal age peers indicated that two of the boys

w,ith skeletal retardation were taller and one

shorter than the controls (Table 11).

Comparison of the physical sizes of the children

u-ith retarded skeletal maturation with the physi-

cal sizes of their sibs brought out another signifi-

cant finding. Three (subjects =3, 5, and 65) of the

five children with skeletal age retardation were

shorter in stature in 1960 than their next younger

sibs (Table 12; see also Figure 11). Increment data

indicated that these three children failed to show

satisfactory statural gain during the past two

years, even though in 1958, at the age of =5%

years, all three had been taller than their younger

sibs. The difference in age bet}seen sib pairs

-4.
.J:-”

,:. .

..

?“

. . . -

~‘-
-. -

Figure 11. Brothcm. Left, #5, age 6;
right, =85, agc 4 (1960).

27
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Tahlc 14

Physical Findings (Excluding O1]}lthalrnol,,gical) in Marshallcxc .Adults 1959 and 1960

Exposed (43 examined) Control (84 examined)

Subject Nos. % Subject h’cu. %

Acne
Arteriosclerosis, peripheral, mild

.

Arteriosclerosis, peripheral, moderate to severe

Asthma
Auricular fibrillation with myocardial damage
Blindness
Bronchitis, chronic
Carcinoma, o~.arian
Cardiac enlargement
Cyst, perineal
Co!loid goiter
Deafness
Diabetes mellitus
Emphysema
Ganglion, left wrist
Hallux valgus
Hebcrden’s nodes
Hcmiplegia, partial
Hemorrhoids, mild
Hypertension (> 140/90)

Hypotcnsion
Impetigo
Inguinal hernia
Kyphoscoliosis
Leprosy
Lipoma, chmt
Nfyocardial damage or insufhcicncy [EKG)

Osteoanhritis

O[itis media, chronic
Prolap= of vaginal wall
Prostatic hypertrophy

Proteinuria
Rheumatoid arthritis (?)
Senility
Shortened left thumb, congenital
Tonsilar h}-pcrtrophy
Traumatic arthritis
Trichomonas of unna~ tract
Tumor, left ear (benign)
Tumor, \-ulva (benign?)
Upper rcspiratoq infection

\’aricosc veins

11,52

13,28, 29,30,43,46,
55,56,57,60

80
28,29,55,56,
52
62

30,43,60

1,43

50
52,57
46

11,28, 30,46, 56,58,
60

49,51
79

13,43,56,57
77

46

13,29,46, 56,57,60

49
45,59,63

29,46,82

22,30,71, 79

55,56
57
1,64,77

9

13

27, 28,40

4.7

23.3

2.4
9.3
2.4
2.4
7.0

4.7

2.4
4.7
2.4

16.2

4.7
2.4

9.3
2.4

2.4

14.0

2.4
7.0

7.0

9.3

4.7
2.4
7.0

2.4

2.4

7.0

2.4

833,865,882
850,851,852,854,855, 858,

859,871,873,878,884,
886,894,898,899,908,
910,917,956,957,969,
970,973,982

853,860,861,862,927, 933,
947,964

953

DOE ARCHIVES

853,859,862,942,964,
958
858
853,862,910,916,964
853,854,893,991
853,855
970

908,928

859,860
850,851,852,853,858, 859,

862, 878,884,894,908,
933,947,957,964,982,
991

873
1005
854

875,964
844,851,858,861,878, 884,

893,917,933,947,956,
957, 969,970

854,859, 860, 86?, 884,886,
894,898,899,915,927,
933,935,964

83~, 973

856,862, 864, 868,873,899,
910,915,920,933,944,
953, 964

855, 862, 895,993
858,878

8bl, 867,914,928,934,944
975

882

873,875,908,935,938, 973,
1001

881

3.6
28.6

9.5

1.2

6.0
1.2
1.2
6.0
4.8
2.4
1.2

2.4

2.4
20.2

1.2
1.2
I .2

2.4
16.7

16.7

2.4

15.5

4.8
2.4

7.1
1.2

1.2

8.3

1.2

>,
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ranged from 20 to 26 months, \vi[h an average of

22.4 months.

To determine whether or not some pattern in

physiqu$ characterized these children with re-

tarded osseous development, several physical

measurements (from the 1959 study) on them and

on their sibs were compared (Table 13). These

anthropometric data suggested two trends. Fimt,

the weight rankings corresponded to chronological

age rankings and not to statural rankings. Second,

the lack of synchrony in rankings of several meas-

urements w& noticeable in those children who

were shorter than their younger sibs. This con-

trasted with the uniform ranking of all measure-

ments in those whose statural ranking corre-

sponded with the chronological age ranking.
It might be speculated from these limited obser-

vations that these children were exposed to radia-

tion at a particularly vulnerable age and that the

resulting retardation in osseous development led

to failure in statural growth. On the other hand,
it is not possible to exclude completely the pos-

sibility that some process unrelated to radiation

damage was responsible for the retardation in

skeletal development.

ADULT ABNORMALITIES

Table 14 is a compilation of the various physical

abnormalities noted in the adult group during the

1959 and 1960 surveys. No ~bnormalities are in-

cluded for 1960 in the unexposed group because

this group was not examined in the 1960 survey.

This table does not show any significant differ-

ences between the abnormalities noted in the ex-

posed and in the unexposed populations. Results
of special examinations are discussed below.

CARDIOVASCULAR SURVEY

The cardiovascular findings may be found in

the table of physical abnormalities (Table 14).

The incidence of various electrocardiographic ab-

normalities is shown in Table 15. The population

was divided into a younger group, aged 20

through 49, and an older group, aged ~ 50. In the

exposed population, the younger group of 24

people sho~~ed no major abnormalities, but of the

14 older people 29% sho~ved one or more abnor-

malities. In the unexposed population, among the

younger group 15% had one or more abnor-

malities, and in the older group 4]7~. Specific

findinb% may be summarized as follow-s.

Electrocardiographic Findifigs

1. Rhyfhm. In the younger group of exposed

subjects, all had normal rhythm. One abnormality

of rhythm was seen in a member of the younger

unexposed group. In the older groups, arrhythmia

occurred in 3 of 14 exposed individuals and in 4 of

29 unexposed.
2. Conduction Times. Few abnormalities were

seen. No individual in either the exposed or the

unexposed group had prolonged auriculoventric-

ular conduction time (P-R intmal) above normal.

Several subjects had the shorter conduction time

of 0.12 see; this is considered normal. The intra-

ventricular conduction time (QRS interval) was

prolonged in several subjects. In the younger un-

exposed group, the QRS interval was 0.10 to 0.11

sec in one subject, sufficient to be considered right

bundle branch block. In the exposed population

the intraventricular conduction time was pro-

longed to 0.12 sec in only one individual, age 81,

who had a marked degree of hypertensive and

arteriosclerotic cardio~’ascular disease and cardiac

enlargement. Among 29 individuals in the older

unexposed group, two showed intraventricular

conduction times of 0.12 sec i~i~hout the typical
QRS complex of bundle branch block. In all other

subjects the intraventricular conduction time

ranged from 0.06 to 0.09 sec in the younger groups

and 0.08 to 0.09 in the older.

3. Electrical Axis Dev;ation and Electrical Posi-

fion of the Heart. There \sere few variations. The

Table 15
DOE ARCHIITES

Electrocardiographic Abnormality=
(Percent Incidence in l’oungcr and Older .4ge Groups)

Exposed Unexposed

Age .45 Age .4gc
20-49 >50 20-49 >50

.Abnormality (24)* (14) (55) (29)

Rhythm o 21 2 14
A-V 12 7 2 3
I-v o 7 4 7
RST o 7 2 14
T wave o 21 11 34

*lNumber examined.

-. . ..-— _ . ...— .--— __ _.. —___ ____ ___ __ ___ ---- ._
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axis deviation was normal or to the right in most

individuals. Left axis dci,iation, and only of nmd-

erate degree, was present in six individuals, tw’o in

the younger unexposed group, three in the older

unexposed group, and one in the older exposed

group. The electrical position of the heart in a

great majority of both the unexposed and exposed

subjects was vertical. In 22 subjects it was inter-

mediate and in 9 (all unexposed) it was moder-

ately horizontal. Rotation of the heart electricidl y

in the combined groups was clockwise in 25 sub-

jects and counterclockwise in 36, with about equal
distribution between the exposed and unexposed
groups.

4. Rsl and T Waves. Abnormal variations were
carefully note’d for indications of coronary or myo-

cardial insufficiency and/or myocardial disease or
damage. Deviations of the RST segment from the

isoelectric line were found to be minimal; they oc-

curred in only five of the 84 unexposed subjects

and in only one of the 38 exposed subjeets. T wave

abnormalities were of appreciable degree in only a

few instances in the older group. The abnormalities

~~ere chiefly in lower T waves and were related to

hypertensive disease. T wave changes were most

marked in a 51-year-old male ( #80) of the ex-

posed group, \vho had arteriosclerotic heart dis-

ease and auricular fibrillation. h4arked RST and

T \vave changes were noted in an 81 -year-old

male ( #46) of the exposed group, who had
marked hypertensive and arteriosclerotic cardio-
vascular disease, and had prolonged auriculo-

ventricular conduction time as noted above.

Among the unexposed population there ~vas evi-

dence of myocardial insufficiency according to
RST and T w-ave changes in a 51-year-old male

( +947), a 64-year-old female (#861), a 55-year-

old male ( #993), a 64-year-old female ( =858),

and a 64-year-old male ( %884); the last had

changes sufficient to indicate a healed anterior

septal cardiac infarct.

Other Cardiovascular Observations

1. Peripheral Vascular Findings. CIinical esti-
mation was made of the degree of arterial changes

in the peripheral vessels (radial, brachial, and dor-

salis pedis). The degree of abnormality ~sas graded

by O to 4 + sclerosis (see section on aging studies).

.Arteriosclerosis \vas seen chiefly in subjects >50

year of age in both exposed and unexposed groups.

It \ras not marked except in four indi,’iduals >70

years ofagc in the cxpmcd grt,up, and tlwn toa

degree compatible with age. Since there }~ere no

individuals examined in the unexposed group

>70 years of age for comparison, any assumption

that the arteriosclerosis was increased in these four

individuals by their exposure to fallout radiation is

unwarranted. Otherwise the presence and the

amount of arteriosclerosis was fairly well distrib-

uted between both populations, as can be seen in

Table ]4. It was not observed in a degree pre-

mature or ad~’anced for the given age.
2. Arferial Blood Pressures. Blood pressures

greater than 140 systolic and 90 diastolic were

considered abnormal. On this basis in the exposed

group none of the 24 subjects <50 of age and seven

of the 16 subjects >50 had hypertension, but
mostly of mild degree. There were 17 cases of hy-

pertension in the unexposed group, 2 in those <50
years of age and 15 in those >50. The diastolic
blood pressure showed only infrequent increase

above the level of 90 mm; as would be expected,

this occurred chiefly in the older group. The over-

all incidence of hypertension for the total popula-
tion examined \vas 9.2~o.

3. Oscillornetry Recrcf;ngs. Observations were

taken on the legs at the mid-calf. In almost all

subjects the pulsation was sufficient to indicate

normal blood flow. Although the readings were

lower in the hfarshallese than might be expected

in Caucasians, it appeared that peripheral vaseu-

DOE ARCHIVES

Table 16

Ophthalmological Findings (% Incidence)

Exposed Unexposed

P[engium
Pinguecula
Cornea] pigment
Corneal scars
.4rcus senilis
Phthisis bulb~
Xystagmus

Strabismus
.4r~11-Robertson pupil
Cataracts
.Aphakia
Vitreous opacities
Retinal arteriosclerosis
Choriore\inal scars
Nlacular degeneration
Driken
Congenital anomalies

23.0
?4.0
12.0
9.0

38.0
1.3
1.3
8.3
1.3

19.0
1.3
4.1

11.0
1.3
0.0
2.6
3.9

21.0
22.0

2.6
3.4

26.0
0.0
0.7
0.7
0.0

10.3
1.3
0.0

12.3
0.7
0.0
0.0
0.0
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lar disease \~as pmhably of Io\vcr incidcncc in the

Afarshallcse. There were twm low readings in the

exposed group, one in a 63-year-old woman with

abdomi~al carcinosis and ascites of ovarian origin

and the other in an 81-year-old man (*46) with

marked hypertensive and arteriosclerotic cardio-

vascular disease.

4. Veins. There was nearly a total absence of

peripheral venous disease - thrombophlebitk,

phlebothromhsis, varicose veins, or hemorrhoids -

in both men and women. only one individual

showed vari~se veins in the lower legs, in minimal

degree.

5. other Card;oc Conditions. No patients were
observed with Iuetic, metabolic, or nutritional

Table 17

Incidence of Individuals \$’ith X-Ray Evidence
of Osteoarthritis in Rongelap, by Age and Sex

(Only those rated as 2+ or higher are included)

Persons with 2+ osteoarthritis
No. in

Age, F age group A’umber %

Nlales

o-9 28 0
10-19 23 0
20-29 17 0
30-39 9 2
40-49 16 1
50-59 8 5,
>60 5 4

Total 106 12

Females

o- 9 23 0
10-19 17 0
20-29 16 1
3@39 12 0
40-49 3 0
50-59 6 4
>60 11 8

Total 88 13

hfal~ Plus Females

(L9 51
10-19 40
20-29 33
30-39 21
40-49 19
50-59 14
>60 16

Total 194

0 0
0 0
1 3.0
2 9.5
1 5.3
9 64.3

12 75.0

25 12.9

forms of hcar[ disease. Onc eiidt,nl caw of inactive

r}]cumatic heart disease occurred in a boy of 14

years ( # 76) wi(h typical signs of mitra] va]vu]ar
involvement and moderate cardiac enlargement.

He was symptom-free and his electrocardiogram

was normal,

OPHTHALMO1OGICAL EXAMINATIONS

Table 16 shows the major ophthalmological

findings. No major differences were found &

tween the exposed and the unexposed groups ex-

cept, as has been noted in the past, for a slightly

greater incidence of pterygii, pingueculae, cornea]
scars, and pigmentation in the exposed group. As

a whole both groups showed vision and accom-
modation levels above the average in the United

States. The absence of glaucoma was also notable.

The incidence of retinal arteriosclerosis, squints,

and congenital diseases was very low. No cases of

basal cell carcinoma of the eyelids or of retinitis
pigmentosa were seen.

The degree of changes in accommodation, vis-
ual acuity, arcus senilis, and retinal arteriosclerosis

have been plotted against age. The plots show no

obvious difTercnces between the exposed and un-

exposed populations. (See Figures 19 to 22 and

further discussion in the section on aging.)

Slit -1amp examinations of the lens showed no

opacities in the exposed Marsh allese resembling

those that had been noted in the irradiated Japa-

nese.
DOE ARCHIVES

ARTHRITIS SURVEY

1. Osteoarthritis

The incidence of osteoarthritis, as indicated by
the hand and w-rist x-ray sumey, is showm, by age

and sex, in Table 17. The small number of indL
viduals in the susceptible age groups precludes an

accurate estimation of the prevalence; hotsever, it
does not appear to be grossly different from that

found in the United States white population

studied by Dr. Alice If’aterhouse and cited by

Blumberg et al.’ In accordance with general clirii-

cal experience, there was no close correlation be-

tween x-ray findings and clinical symptoms of

arthritis, i.e., subjects with quite advanced osteo-

arthritis as determined by x-ray often had no com-

plaints referable to their joints.

31
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Table 18

Results of Bcntcmitc Flocculation Test

.
BIT titer

No. in
Age, yr agc group () % % ti6 %1 %4 !4S6

Males

o-9 14 932 ---
10-19 24 21 3 - : - -
20-29 17 15 I I - _ -
3049 9 9 -----
40-49 13 12 ----1
50-59 11 9 -1--
>&) J192 ---!

Total 99 849400z

Females

0-9 12 82
10-19 13 10 -
20-29 18 14 -
30-39 12 11 1
40-49 6 5-
50-59
>60 1: 1; ;

Total 85 66 6

11
21
3-

12

75

-_ _
-- _
-_ 1
-- _
-- _
-- _
-- _

001

2. Rheumatoid Factor in Sera

The prevalence ofsera positive for “rheumatoid
factor” by the bentonite flocculation test (BIT) is

shown in Table 18. Individual data are listed in

Appendix 6 according to age and sex. The total

prevalence of positive sera is not greatly different
from that reported for ~vhite American popula-

tions. There was no apparent difference in arthritis
incidence between the exposed and unexposed

groups. Three individuals, all in the unexposed

group, had definitely positive sera (Table 19), but
\vith no evidence of joint disease. One (#953) had

bronchial asthma and prostatic hypertrophy, but

these findings, since they were common in the

population, were probably coincidental. There is
no apparent explanation for the presence ofrheu-

matoid factor in these individuals.

3. Clinical Evidence of Arthritis

A 59-year-old male ( =878) had some cIinical

findings compatible with rheumatoid arthritis. He
had complained of pain and swelling in his hands,

w’ristsj and knees for 5 to 10 years, but with no

limitation of function. Physical examination

showed cnlargcmcnt Of[hc proxima] and distal

in[crphalangcal joints and ulnar deviation of the

hand. No rhucmatoid nodules were present. The

x-ray changes were consistent with a diagnosis of

osteoarthritis of the hands, but there was no evi-

dence for rheumatoid arthritis. The BFT was

negative. This is probably a case of ostcoart hritis,

but rheumatoid arthritis cannot be completely

ruled out.

4. Unusual Skeletal Findings

As noted pre~,iously, hand and wrist x-rays had

shown congenital hypoplasia of the middle pha-

lanx in some children. The same condition was

noted in some of the adults (Figure 12). The midd-

le phalanx of the fifth finger was shortened and

slightly broadened. This was found both unilater-

ally and bilaterally and was occasionally associ-

ated with lengthening of the ulna. T\venty subjects

showed definite changes, and some additional ones
had only moderate s~ortening of the phalanx.

DOE ARCHIVES

DENTAL SURVEY

Majuro Children

Thirty Nfajuro children were examined, rang-

ing in age from 2 to 13 years and selected at ran-

dom. Widespread caries were present in 75% of
the children <12 years old. Xlany erupting per-

manent teeth showed retained root fragments in

the adjacent gingival crevice. .%lthough the or-al

hygiene could be rated fair to good, the incidence

of caries remained high. Bunching of [he lower
incisors ~sas a common finding in males and fe-

males in the 7 to 9-year age group. Eruption time

of the bicuspids appeared adx-anced, possibly be-

cause of premature loss of the deciduous molam.

All the children in this age group showed signs of

retarded jaw development in comparison with

children in the continental United States.

Rongelap Children

NO significant difference \<as found in Carim

incidence, eruption time, and morpholo~ of the

teeth, or gro~-th of the jaw-s, between the exposed

and the unexposed children. In both groups about

20% showed retarded jaw development \vhich had
resulted in narrowing of the arches plus bunching

of the Io\ver anterior teeth. The Rongclap chil-

dren had a much lower incidence of caries tham

i
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Table 19

Subjects \Vith Positive Bentonitc Flocculation Test

subject No. Age
X-ray evidcnm

sex BIT titer of arthritis Clinical findings

841 41 F
886

1/256 None Neg. in 1957, ’58, and ’59.
49 M

953
1/64

42 M
Not tested

1/64
hf ild ostcoarthnt~ in ] 959.

N’one h’ojoint findings; bronchial

DOE ARCHIVES
asthma; 2+ prostatic hy -
pertrophy.

.

Figure 12. Roentgenograph of hands showing congenital hypoplasia of the middle phaIanx, 5th finger.

the hfajuro group, although the general impr~-

sion was that their standards of oral hygiene were

lower. In both the exposed and unexpowd Ronge-

lap children, areas of h ypoplastic enamel in decid-

uous teeth were not an unusual finding.

Adults

Only about 10% of the Rongelap people prac-

ticed good oral hygiene. Periodontal disorders may

have been slightly higher in the exped group, al-

though there was no significant difference in the
incidence of caries. In young adulw, sub, $nginl

calculus was usually present in the form ofcrmical

ringlets accompanied by marginal gingivitis, and

very little supragingival deposition W-= obsem~.

In subjects >35 years of age, loss of alveolar bone
was quite apparent, and supra~n~val calculus

was more prevalent than subgin~~-d. Only MO of

33. ——-—-———-—--——-— -.___ ______—. —-——___ ._ —-__—— ___
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those >35, cxpowd and uncxpowd, \vcrc free of

clinically detectable pcridontal disrase. In the

aged, many of the remaining teeth were simply

Jheld in position by the gingival attachment.

Almost all the Rongelapese exhibited marked

xerostomia. The oral mucosa felt damp but not

wet. During the dental examination, manipula-

tion of the tissues by mouth mirror and explorer

failed to stimulate the flow of saliva. ForpH read-

ings, the paper strip had to remain in contact with

the floor of the mouth for 25 to 30 sec in order to

absbrb sufficient saliva. In most instances it was

difficult for the subject to produce the 5 ml of

saliva necessary for pH determination in a period

<10 to 15 min. The}H values ranged from 6.0 to

7.5, with an average of6.3

Utirik Popula~ion

The Utirik population exhibited oral findings

similar to those of the Rongelapese. Their stand-

ards of oral hygiene were somewhat superior, but
the incidence of periodontal disease and caries in

adults was practically identical. In the Utirik
children less evidence \vas seen of bunching of the

lower anterior teeth, and jaw development was in

harmony with general body growth.

Conclusions

These examinations led to the follo~ving con-

clusions.

1. There was no significant difference in either

caries rate or incidence of periodontal disease b-e-

t~-een the exposed and the unexposed people of
Rongelap. The level of oral hygiene appeared to

be somewhat better in the children examined at
Nlajuro and at Utirik, but the incidence of caries
was about the same in the tlro groups, and higher

than in the Rongelapese children.
2. The poor oral hygiene generally observed in

the N!arshallese people had its usual results: a
high caries rate in teen-age children; severe peri-

odontal lesions in adults (hea\? calculus, loss ofalve-

olar bone); and edentulous mouths in the aged.
3. NO difference was perceptible in the clinical

appearance of de~’eloping dentition among the ex-
posed children, the nonexposed, and those born to
irradiated parents.

STUDIES OF AGING CRITERIA

The results of aging criteria studies are plotted

in Figures 13 to 31. Individual readings are plotted

(uptn circles, cxp{)scd pcop]c; ch)scd circles, uncx-
Ix)scd pcmple) to show t}~e spread of the da[a, and

the mean values are also plotted (squares) for each

5-year age group with exposed and uncxpowd

people combined. The trend of each criterion with
increasing age is represented by a line ofapproxi-

mate best fit by eye. The values of the criteria

generally either increase or decrease with increx-

ing age. Many changes, such as greying of the

hair, ba}ding, arteriosclerosis (peripheral and
retinal), and skin looseness and retraction, am not

appreciably maniftit in the Marshallese until afier
age 35 to 40. There is a tendency for values of

criteria such as blood pressures, greying of the
hair, loss of visual acuity, and accommodation to

level off, or even to show slightly reduced values
in the oldest groups. The number of people in

these groups is too small to make this observation
certain. However, American statistics on blood
pressure (systolic and diastolic) also show a plateau

effect beyond about 60 years of age and even a
slight tendency to lowering of blood pressures be-
yond this age.” By the age of 65 to 70, arcus
senilis in all Nlarshallese showed a 4 + change
and, therefore, the plateau was at a maximum.

Some curves sho~ved-lower maxima. For example,
baldness in women showed only a 357G maximum,

and arteriosclerosis of the retina only 4570. The
differences in maxima probably were due largely

to differences in the degree of change associated
w-ith the various criteria but a!so partly to the

arbitrary nature of the scoring. The sexual diff&r-
ences in hand strength and baldness were ex-

pected. In The neuromuscular function test, slight
muscle fatigue may have been a factor in the lower
female scores, necessitating separate evaluation.

DOE ARCHIVES
,1! 1,, I I ,,, 1 I i

Figure 13. Skin refraction time, 1958-1959.
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Figure 14. Skin looseness, 1958-1959.
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Figure 16. Grayness of hair, 1959.
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Figure 18. Baldness in females, 1959.
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Figure 15. Senile changes of skin, 1959.
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Figure 17. Baldness in males, 1959.
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Figure 19. .4ccmmdation, 1959.

3$
---- ----- —— ----——— ——. _ –_ ._-. —.— —— —---— ———- -——_____ _ —— —_-.



30

0

r---- ._T .-.

IT’
,–-–...

1

100

90

m
m

%Sa

50

401
3. 4 !_’— . I

/’-/
~. 4*

7

. . . . . . . . . .
3*

C’M

9 s..& . . -- 2*
. . ~xp~~~

Ir
-. uNExPDSf D
0. MEAN WTH

.-
I*

. . .
I ! I I I)536070&y I I100 ! 1

.z0&40m’&’~ “’”J
I I 1 20/7?03

AGE - YF6
ffiE-YRS

Figure 20. Visual acuity, 1959.
Figure 21. Arcus senilis, 1959.
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Figure 22. Arteriosclerosis of retina, 1959.
Figure 23. Hearing 10ss, 1959.
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Figure 26. Peripheral arteriosclermis, 1959.
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Figure 30. Neuromuscular function

(hand tally count), females, 1959.
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The various changes generally associated ui[h

physiological senescence arc known (o show wide
variab]li(y among indi~’idtrals of the same age, and

,this was borne out by these data. However, some

‘of the criteria appeared (o be better indices of ag-

ing than others, judging by the degree of change

and the variability of the data observed. (This

statement is not based on statistical analysis.)

Some of the better criteria appeared to be accom-

modation of the eyes, visual acuity, skin retraction,

arcus senilis, greying of the hair, and hand

stre.rtgth.The measured criteria would be ex-

pected to be more reliable than the estimated ones
in view of the subjective element and less precise

Table 20

Residual Beta Burns, 1960

Subject
No. Sex Age Description

17

24

26

39

49

59

63

67

78

79

F

F

M

F

F

F

F

F

F

M

9

19

18

20

21

40

42

20

43

45

Slight depigmented scars, left ante-
cubital fossae.
Mottled spots of pigmentation and
depigmentation, domum of feet.
Marked scarring between first and
second toes, right foot, with binding
to subcutaneous tissues Areas of less-
er involvement peripheral to this
area. No evidence of chronic radia-
tion dermatitis.
Slight mottled pigmentation-depig-
mentation with little scarring, dor-
sum of feet. h{ottled h}-perpigment -
ed spots persist on back of neck.
Black moles believed to have in-
creased in number over right side of
neck, also several noted in left ante-
cubital fossa.
Niottled roughening and pigment
~-ariation, back of neck.
Mottled pigmentation, left side of
neck, u-ith slight roughening of skin.
Depigmented scarred areas with
slight atrophy of skin over domum of
feet, particularly at site of deeper
scar on Mi foot. Some areas adjacent
to scars show increased pigmenta-
tion.
PigmenIed moles appear to have in-
creased in number over left side of
neck and to lesser extent on right
side at sites of rather deep beta
burns.
Back of left ear shows depigmented
scar with some binding dotvn to car-
tilage. No e~-idence of breakdown.

sc{~ring of the la{ter. This appcar(. d gcncra]]y to

be tl,e case, but [he cstima[cd values for grcying

of the hair and arcus senilis corrcliitcd surprisingly
well with age. The amount of subcutaneous fat

probably influenced measurements of skin loose-

ness, but, since loss of subcutaneous fat is some-

what age dependent, probably in the right dit-ec-

tion. It is hoped that in the future statisticaltreat-

ment of the data may furnish a weighting factor for

each criterion based on the degree of age-associ-

ated change and the variability of the data. It is
not always possible to run the complete battery of

tests on each individual, and use of such weighting
factors would tend to minimize the disparity due

to the omissions.
The data presented must be considered as pre-

liminary in nature and to represent only a small
fraction of the many varied changes associated
with the aging process. Under the conditions of

examinations of the hfarshallese, the battery of
tests employed is necessarily limited. As more ex-

perience is gained, some of the tests may be elimi-
nated and new ones added. The tests of vigor are
thought to be extremely important in assessing

aglngj and it is hoped that more tests of this nature
may bc added. At this time the data are presented
to introduce an approach to a feasible meansof
assaying “biological age” ~ihich might be of use in
studying the possible effects of radiation on the ag-
ing phenomenon in human beings. In the case of

the exposed hfarshallese, results of further aging
sur~’eys \\,ill be carefull} evaluated, and the results

DOE ARCHIVES

Figure 32. Residual scarring between fimt and second
toes, right foot, from beta burns, 5 :-ears post exposure
(Subject +26).
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in the exposed population will be compared with
those in the unexposed for differences that might

indicate possible premature aging effects. As

pointed out, such differences have not been ap

parent thus far.

RESIDUAL BETA BURNS

Ten people continued to show residual skin
damage from beta burns sustained 6 years pre-
viousl y. Most of the residua consisted of very mild
changm, such as varying degrees of pigment aher-

ation givin~ a mottled appearance, sometimes ac-

companied by a roughening of the skin (increased

rugosity). Some showed more pronounced changes,
such as atrophy and scarring. None of the mom

severe residual lesions showed any gross evidence
of breakdown with the development of chronic
radiation dermatitis or any premalignant or mal-

ignant change. No biopsies were taken. Several
women who had sustained more ~vere neck ]~iom

seemed to be showing an increase in pigmented
moles in and around the aflected areas. However,
this is not certain, and these moles will be ob-
served carefully in the future for any suspicious
changes. In Table 20 are listed descriptions of the
residual beta burns seen in 1960. Figure 32 shows
healed beta burns of the feet 5 years after exposure.

LABORATORY EXAMINATIONS

Hematological

In Appendices 1 and 2 are presented summaria
of the mean blood counts of the exposed popula-

tion and various comparison populations since

exposure in March 1954. In Appendices 3 and 4

are listed the individual blood counts for 1959 and

1960. The data are also summarized graphically

in Figures 33, 35, and 38. The blood data have

been classified as in the past according to age and
sex. The results of blood counts in the 1959 and

1960 surveys may be summarized as follows.
White Blood Counts. The mean WBC in 1959

showed a further trend upward in both the ex-
posed and unexposed populations, being slightly
lower in the former (see Table 21 and Figure 33).
The 1960 M’BC level of the exposed people
showed a considerable drop from a mean level of

9500 in 1959 to 6500 in 1960 as compared with
the trend during the previous two years (no counts
were made on unexposed people in 1960). The ex-
planation for this is not clear. The percentage dis-

tribution of the various white cell levels was not

very diflerent, however, from that of the previous
values.

Neufrophils. The neutrophils in 1959 (Table
21 and Figure 33) showed an increase correspond-
ing to the increase in lf’BC in both exposed and

unexposed populations, the mean level also being
slightly lower in the exposed. A scattergram

(Figore 34) of the age distribution of the counts in
1959 shows a greater tendency for the younger

groups to have Io\ver mean counts in the exposed
than in the unexposed populations. This was
noted also in 1958. In 1960 the average of neutro-

phil counts was 3500 for the exposed group com-
pared with 4800 in 1959. This decrease correspond-
ed w-ith the decrease in the total w-bite count.

Table 21 DOE ARCHIVES

Mean Leukocyte and Plarelet Counts, 1959 and 1960, by Age and Sex

Rongelap exposed Ailingnae exposed Unexposed

1959 1960 1939 1960 1959

\$”BC (x IO-’), age >5 9.5* 2.3* (60)’” 6.5= 1.8 (54) 9.75?.4 (15) 7.3=4.3(14) 10.13 3.1 023)
Neut. (X 10-’), age >5 4.85 1.9 (60) 3.5til.5 (54) 5.1>2.1 (15) 3.6 fil.6 (13)
L>-mph. ()( 10-3), age >5

5.2& 2.1 (123)
4.o& 1.3 (6o) 2.730.8 (54) 3.7%1.1 (15) 3.0~1 .2(13)

Nlono. (X 10-’), age >5
4.1* 1.4(123)

2.05 1.8 (60) 0.630.2 (54) 3.2A2.5 (15) 0.6=0.6 (13)
Eosin. (X 10-2), age >5

2.4A 2.3 (1 23)
5.Ot 3.3 (60) 2.730.8 (54) 6.0~4.2 (15) 4.030.2 (13)

Base. (X 10-’), age >5
6.0* 9.9 (123)

0.4~ 0.6 (60) 0.430.11 (54) 0.530.8 (15) &4~0.4 (13) 0.5& 0.8 (1 23)
piate. (X 10-’), hfal~ age5-] O 32.35 ]fJ.O ( 7) - 40.9 (2) - 34.6& 10.8 ( 11)

>10 24.4& 9.9 (20) - 26.326.0 ( 4) _ 28.O& 8.4( 54)
Females >5 27.6= 10.5 (29) - 26.8< 3.7 ( 9) - 31.1~ 7.2( 52)

*Standard deI-iation.
●“The numbers in parenthmes are the numbrs ofpeop]e in the group
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Figure 33. Mean neutrophil and white blood cell counts

of exposed Rongclap people from exposure through 6
years post exposure. Stars represent mean values of com-
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Figure 34. Neutrophil counts of exposed Rongelap indi-
viduals plotted against agc at 5 years post exposure, 1959.
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Figure 40. Individual platelet counts of exposed females
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Lymphocytes. The mean Icvcl ofthc l!]l)pho-
cyte counts (Table 21 and I_igurc 35) in 1959

showed a slight incrcasc over the 1’358 values, The

mean levels were about the same in the exposed

and unexposed populations,.4 scattcrgram (Figure

36) of the age distribution of the lymphocyte
counts in the exposed group for the first time
showed about an equal distribution in the exposed

population of counts above and below the mean
levels of the unexposed people. The cumulative

percentage distribution cumes of the exposed and
unexposed (Figure 37) shoised close approxima-

tion. The 1960 absolute lymphocyte counts also

showed a decrease corresponding to the 117BC de-
crease, the mean dropping from 4000 in 1959 to
2700 in 1960.

Eosinophils and Monocyfes. Eosinophil and
monocyte counts showed a slight increase in 1959

over the 1958 levels and were slightly greater in

the exposed population. As noted in 1958, a large

percentage of the population had eosinophil
counts >5% of the tots] white count (1959, 4490 of

exposed population and 39% of unexposed; 1960,
4670 of exposed, no data on unexposed). The levels

ofeosinophils and monocytes in 1960 were not
very different from the 1959 levels. (Basophils are

discussed below in connection ,,ith leukemia.)

Plafelets. M~n platelet counts in ] 959 (Table
21 and Figure 38) were slightly lo~,er than in 1958
in both the exposed and unexposed populations.

The mean deficit in platelets in the exposed popu-
lation \cas about the same as last year ( – 9.3% for

the males and – 11.3’% for the females). Age re-
tribution scattergrams for the individual platelet

counts in both males and females of the exposed

population showed more counts belo~v than above
the unexposed mean cume (Figures 39 and 40).
This was also borne out by comparison of the

cumulative percentage distribution curves for the
exposed and unexposed populations: the latter
showed continued displacement to the Iefi (Figure
41). The significance of the continued pIatelet de-

pression in the exposed population is also indi-
cated by the finding of levels <250,000 in 3770 of

the exposed group but in only 247. of the u
posed. DOE ARCHIffi

Eryfhropoefic Funcfion. – Because of technical
difficulties, the hematocrit levels \vere not con.

sidered reliable for the 1959 suney. Samples con-
taining ethylenedia minetetraacetic acid as an
anticoagulant appeared to have a lower hemato-
crit than untreated venous or finger stick blood.

PL.f.TELETS XICI-4

F@re 41. Cumulative distribution curve,
Rongelap platelets, ]959.
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Table 22
Mean RBC, l+cmoglobin, NICH, and Rcticuloq-tc Levels by Agc and Sex, 1959

b Rongclap exposed Ailingnac cxposd Rongclap eontral

RBC (X 10-’), Males age 5-15 4.4530.5” (10) “* 4.46 (2) 4,6 50.5 (22)
>15 4.7150.4 (19) 5.15 (4) 4.8 &O.5 (44)

Fcmal~ >5 4.21A0.4 (31) 4.31 &O.36 (9) 4.4 50.4 (53)

Hgb., g, Males age 5-15 12.3 =0.5 (10) 12.2 (2) 13.1 *1.1 (22)
>15 14.4 51.3 (19) 15.4 (4) 14.8 & 1.8 (44)

Females >5 12.5 30.95 (31) 13.2 50.87 (9) 12.9 32.1 (52)

MCH, ppg, Males age 5-15 28.0 &3.3 (10) 27.7 (2) 28.5 & 1.9 (22)
>15 30.8 &2.5 (19) 30.0 (4) 30.7 &3.4 (44)

Females >5 29.8 &3.3 (31) 30.5 &l .9 (9) 29.4 52.7 (52)

Retie., %, Males age 5-15 0.13 ( 9) 0.05 (2) 0.29 (17)
>15 0.31 (15) 0.3 (4) 0.43 (42)

Females >5 0.21 (23) 0.17 (7) 0.41 (48)

●Standard deviation.
DOE ARCHIVES● ●~c numb.-=in parenth~c are the numbers of People in ~c W“F-

The explanation is not clear. However, it was felt

that the erythrocyte counts done on the Coulter

electronic counter, and the hemoglobin and retic-

ulocyte counts, were sufficient indices for evalua-

tion oferythropoetic function.

Erythrocy~es ancl Hemoglobins. The mean
levels oferythrocytes and hemoglobins (Table 22)
were generally somewhat below those accepted as

average for Americans and \vere only slightly
lower in the exposed Rongelap population than in
the unexposed group. Scattergrams (Figures 42

and 43) of the individual red cell counts plotted
by age for exposed people of both sexes show more
of the counts belo~v the average level of the unex-
posed group than above it, and a plot of percent-
age cumulative distribution of counts (Figure 44)
shows the curve for the exposed group distinctly
displaced to the left.

Ailingnae Blood Counts. Counts in the Ailirsg-
nae people (a group of 15 who had received an

estimated 69 r from fallout) are summarized in
Tables 21 and 22 and in Appendix 2, and the in-

dividual counts are shown in Appendices 3 and 4.
These counts generally averaged slightly higher

than in the exposed Rongelap people but lower
than in the unexposed people.

Price-Jones Curves. Price-Jones cumes for de-
termination of red cell size distribution on 17
Rongelap people (exposed and unexposed) were
averaged and compared with an averaged cume
for 53 Americans of the same age group (Figure

45). The hfarshallese curve is displaced slightly to

the left, which indicates a slight tendency toward
microc}losis.

Serum Iron. Serum iron levels were <100 pg/
100 ml serum in only 5 persons, all unexposed.

Serum Pro fein. Serum protein levels in 1959
were again higher than normal in many cases.

The range in the exposed group was 6.6 to 8.4 g
with a mean of7.45, and in the unexposed group

from 6.6 to 9.0 g with a mean of 7.55.

Comments. The peripheral le~’els of blood ele-
ments have show-n considerable fluctuation from

year to year. The explanation is not known. One
might speculate that, since upper respiratory and
gastrointestinal infections are common, the \empo-
ral relationship of the hematological examinations
to periods of bacterial infection might strongly in-
fluence the general level of certain elements, par-

ticularly the Ieukoc)-tes. It is not known whether
the drop in 1960 leukocyte levels was so influ-

enced. As pointed out, the influenza epidemic in

early 1960 apparently spared Rongelap .~toll.
Since hematological examinations were not done

on the unexposed group in 1960, it \vas not pm-
sible to evaluate exposed levels ~vith relation to

radiation effects.
The only blood elements at 5 years post expo-

sure that showed slightly lower levels in the ex-
posed group were the platelets and erythroc}-tes.
Erythrocyte counts had not been done before
1959. Re-examination of earlier hemalcscrit levels

by construction ofscattergrams and cumulative
distribution cunw-s showed a slight tendency for

P6
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Figure 42. Individual red blood counts of exposed males
pktted against age at 5 years post exposure; 1959. Solid
line represents mean values for comparison male popula-
tion.
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Figure 44. Cumula[i~e distribution curve,
Rongelap red blood counts, 1959.

er}-thropoetic depression compared \vith the unex-
posed levels, but not as distinct as indicated by

erythrocyte counts in 1959. It would appear from
these findings that some bone marrow damage
persists at 5 yearn post exposure.

The Rongelap people generally have a slight

anemic tendency (very slightly microcytic) com-

pared with Americans. The cause is unknown.

Apparently it is not due to iron deficiency, since
serum iron levels are generally normal. It may

possibly be based on another type of nutritional

{ i I I 1 I 1 1
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Figure 43. Individual red MA counts of exposed fcmak
p]ottcc+ against agc at 5 years post exposure, 1959. Solid
line represents mean values for comparison female popu-
lation.
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Figure 45. Price-Jones sizing of red cells showing mean of
17 hfarshallese cuwcs (from both exposed and compari-
mn groups) compared ~tith mean curve of 53 Americans.

deficiency. The serum proteins and serum \titamin
B,, levels, however, tended to the high.

The continued high level ofeosinophils is un-

explained. It was not believed that the t)’pes of
intestinal parasites noted on a previous survey
could account for it.

Hemafological Leukemia Survey

Drjicrcntial counts sho~ved no increase in im-
mature leukcx+ms that would cause one to suspect

leukemia in either the 1959 or 1960 sumey. Afkalinc

43
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phos~hafast staining of neutrophils show.cd a gen-

erally normal distribution ofpcssitive cells, as in

the previous year. BasoPhil counts OJ 4000 cells

showed no increase in levels above the normal per-

centage in any subjects, either exposed or unex-

posed, in the 1959 and 1960 surveys, except for

one 6-year-old exposed boy ( #3). ● The mean

percent basophil count (counting 4000 white cells)
for the exposed Rongelap group was 0.42% “m

1959 and 0.93% in 1960; in the Ailingnae group,

0.29% in 1959 and 0.80% in 1960. Basophil counts
on the unexposed group are not yet complete for

1959. The individual values for alkaline phos-
phatase and basophil counts are presented in
Appendix 5.

Complement Fixation Tests

The results of the complement fixation tests are
shown in Table 23. In discussing these results Dr.
R.J. Heubner made the following comments:

““I suppose the most interesting thing is that
there is evidence of infection with almost all the
groups of viruses that we tested for. It is important
to point out that complement-fixing antibodies are
generally less persistent than are hemagglutim-
tion inhibition and neutralizing antibodies. Tisere-

fore, the high levels of adenovirus and HA 1 com-
plement-fixing antibodies reflect either recent in-
fection or multiple infections with various mem-

bers of the parainfluenza family of viruses. The
low levels obtained for other agents, such as influ-

enza A, influenza B, HA 2, CA, mumps, LGV,

and Q fever may reflect low levels of infection M-ids
these agents, but more likely might reflect the fact
that such agents have not been pre~-alent in recent
years. Thus, one might conclude from the data
that the &lan influenza virus has not yet seriously
involved the Marshall Island populations, or else,
of course, that the complement-fixing antibody
produced by the Asian influenza has not persisted.

“I would rather suspect from the age distribu-

tion that Asian influenza still has not reached

these people, and that one might look for}rard to

see if they are involved at some future date. Simi-
larly, the age distribution of influenza B anti-

bodies suggests that it has not occurred for at least
6 to 10 years. The absence of HA 2 antibodies sug-
gests that the virus has not been prevalent in re-

●In 1959 his basophil count w= 2.1’2, l\.BC 8600, and alka-
line phosphatasc negative cells 79%. In 1960 his basophil count
was 3%, W’BC 6100, and alkaline phospha~asc negative CC.US
70%. No abnormal forms were seen.

cent yrars. }Iowcver, the total :ibscnce of anti-

bodies even in persons over 40 suggests the pos-

sibility that it has not occurred in this population

at all, but the first interpretation is equally good.

The same comments would refer to the CA virus

or parainflttenza 2, but here the more Iikcly inter-

pretation is that the virus has not been present in

the recent past, but the presence of antibodies may

suggest that it had been present 16 or more years

earlier. Since thcxe is some overlap in antigens and
antibodies between mumps and the parainfluenza
group, the CA reactions and/or the mumps reac-
tions could conceivably merely reflect infections
with other members of the parainfluenza group.

“It would be interesting to find out to what ex-

tent the psittacosis group and Q fever represent a

threat to this population, and of course in the
birds and dom~tic animals as well.”

Dr. Heubner’s forecast of Asian influenza in the
hfamhall Islands from the Rongelap data is inter-
esting in that an epidemic of serious proportions
did occur at Kwajalein Atoll in January 1960 re-
sulting in significant mortality.

The average antibody titers for the different age
groups in the exposed people were, in nearly all

cases, lower than in the corresponding unexposed
age groups. It is not kno~~m whether this is a sig-
nificant finding; further studies will be done to

determine this. At three years after exposure, the
primary response to tetanus antiloxin averaged

slightly less in the exposed people than in the un-
exposed.s However, because of the small numbers

of people studied, this finding could not be con-.-
sidered significant

DOE ARCHIVES

Sodium and Potassium Levels, 1959

Potassium intake appeared to approximate that of
Americans, namely, s 40 to 100 mEq/day. Salt
intake varied w-idely as judged by urine excretion,
ranging from 2 to 18 g/day. The relatively high

salt consumption of some indi~-iduals is undoubt-
edly related to the irregular consumption of

canned C rations, to which 2T0 IiaCl is added
routinely during preparation. The median intake

of salt appeared to approximate that of male em-
ployees at Brookhaven h-ational Laboratory,
namely, ~ 10 g/day. This undoubtedly represents
an increase over the intake in earlier years \i.hen

only native fbods \{ere eaten. It will be of interest
to note \{hether the incidence ofhyperiension also
will begin to increase. At present the prevalence

of hypertension (B. P. greater than 140/90) is g.z~o

W
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for all age groups, a relatively low figure com-

pared with that for Japanese and American

societies.

Thyro;d Mefobolism

Table 24 shows results of protein bound iodine,

total iodine, and butanol extractable iodine deter-
minations. The ] 2 samples obtained in 1959
showed values definitely lower than the 1958
values, although several readings were still some-

what high. It was thought that the high 1958

levels must have been due to contaminated glass-
ware in spite of the great care taken to maintain

strict cleanliness.

Glucosuria

On routine urine analysis during the 1959 sur-
vey one male and four females (all in the unex-

posed group) were found to have glucosuria; all
but one of these also had an elevated fasting blood

sugar level* (see Table 25). These individuals
were considered to have mild diabetes mellittts.
Later during the year one of these cases ( #854, F,

●WICarc grateful to Dr. W.W’,Fennel at K~ajalein forhaving
the bloodsugar analyzed,.

agc 54) died of a gcni{ourinary irrft-rtitjn com-

plicating diabetes c~en though shc (along \\ith the
other cases) had been placed on oral therapy with

Orinase (tolbutamid tablets). (It was later found

that these patients did not take the tablets con-

sist ently.)
Table 26 compares the mortality from diabetes

in the United Statesz’ and the hfarshall Islands.
The incidence appears higher in the Marshall
Islands and on Rongelap Island (based on its

small population). It should be noted that, since

only routine urine examinations were done on the
Rongelap people, the incidence of diabetes may

actually be higher. The greater incidence of deaths

due to diabetes in the Marshall Islands than in the
United States in 1956 and 1957’7 is statistically
significant (0.01 >~>0.001).

Serum Vitamin B12

Analysis of the 15 serum samp!es obtained in
1959 again showed, as in 1958, vitamin Bl~ levels

slightly higher than normal. The mean value was

714 ppg/ml, with a range of312 to 1500. A scatter-
gram of levels for both years was plotted against
white blood count, since it -hm &en shown that in

lcultemia the white cells have a higher B,, binding

Table 23 DOE ARCHIVES

Results of Complement Fixation Tests on Rongelap People, 1959, by Age and Sex

(Positive Reactions of Serum Dilutions I -IO)

Long
I-Ml

LGV
HA 2 CA (Respiratory

No. in Flu A
(Psittacosis QF

Flu B (Parainfluenza 3) (Parainfluenza 1) (Parainfluenza 2) syncitial, CCA) Adeno 31umps
.4gc, age — —

group) (Q fever)

yr
— —

group No. ‘% No. % N1 0. r% No. % No. % No. ‘% No. % NO. % No. % No. 7.

Female-s

1-5 0
6-15 17 8 47

16-40 24 4 17 9 38 19 79
>40 20 4 20 7 35 16 80

6 35 148221216 2 12
1 4 14 58 16 676 25 3 13 2 8
1 5 6 30 10 50 1515

Total 61 8 13 16 26 43 70 0 23 26 43 40 668 13 5 8 5 8

hfales

1-5 1

6-15 12 1
1 I(KI

82171192 4 33
1643 21 4

11 92
19 8 38 18 86 2

1818
10 6

>40 1~ 6 35 12 71 ]4 82
29 11 5231415

1 6 5 29 953529318

Total 5] I I 22 22 43 43 84 0 36 15 29 3263816510 I2

Females Plus Nfales

Total 112 19 17 38 34 86 77 0 54 41 37 72 64 16 1410965
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Table 24 Table 27

Protein Bound Iodine, Total Iodine,
and ~utanol Extractable Irdinc in Mamhallcse Scra, 1959

#g 70 Iodine
Subject

No. PBI Total BEI

Exposed

10 7.0 5.0 5.0
19 4.1 2.0 2.7
26 . 6.2 — 4.9
39 9.7 — 8.7
44 6.7 — 3.4

Mean 6.7 3.5 4.9

Unexposed

818 9.2 — 7.5
830 6.0 — 4.4
863 6.7 — 4.9
869 5.9 — 4.7
874 5.2 4.0
887 6.2 5.0

ABO Frequency Among hfarshalltx and Polynesians

Rfars.haksc Polynesian

Present Simmons Simmons and
rcpon Ct al.;’ Graydon”

(310 pemcsns) (678 persons) (138 pemons)

Percent
o 60.7 52.2 39.1
A 19.7 21.4 60.9
B 15.1 21.1 0
AB 4.5 5.3 0

Gene frequency
0.768 0.723 0.626

2 .128 .135 .374

% .103 .134 0

Table 28

MhT and Kell-Diego Frequency Among
Marshallesc and Polynesians

.
815 5.3 — 3.3

Marshallese Polynesian

Klearr 6.3 4.8
— .-

Tablc 25

Present Simmons Simmorr5
report et al. z’ and Graydon*’

S~bjects From Rongelap \$’ith Glucosuna Percent
M

Fasting MN

blood ABO N

Subject sugar, 1$’eight, Height, blood
No. Sex Age mg/100 ml lb cm group Gene frequency

m
853 M 54 200 176 150 0 n
854 F 54 172 72 130 B
893 F 41 312 — — Cl Orhem
956 F 50 103 134 151 0 Ken (K)
991 F 51 278 184 155 A Diego (D]’)

Table 26

8 10 19.6
22 19 47.8
70 71 32.6

DOE ARCHIVES

0.194 0.220 0.435
0.806 0.780 0.565

0 0
0 0

Deaths Repot-ted as Due to Diabetes in the U.S. and in the Mamhall Islands District
of the Trust Territory of the Pacific Islamis (193s6 and 1957 Data Combined)*

Diabetm deaths
Deaths per 100,000 Diabetes deaths

Population Total deaths per 1000 Diabetes deaths population per 1000 deaths

Us. 337,552,000 3,197,604 9.5 53,364 15.8 16.7
hfarshall Islands 27,215 160 5.9 10 36.7 62.5

0.01 >p>o.ool p>o.ool

●The popualtions, total deaths, and diabetes deaths for 1956 and 1957 were totaled to get the average deaths per 1000
and diabetes deaths per 100,000 for these two years. Data for [he U.S. are from referenee 27 and for the hfamhall Islands
from Dr. H.E. hfacdonald (see text).

*
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capacity. h’o correlation was seen. The explana-

tion for the higher B,z levels is not apparent at this

time.

Studie; of Genetically Inherited Traits

Blood Groups. The laboratory analysis of
blood groups was conducted by Dr. L.N. Sussman
and colleagues and reported as follows. The results

of the 1958 and 1959 studies were combined,
making a total of 310 individual bloods. Care was
taken to avoid duplication. The results of this

broader sampling, compared to findings of Sim-
mons et al. for the same area ‘a and for the Poly -
nesianszg are presented in Tables 27, 28, and 29.
Data on all individuals tested are given in Ap

pendix 6. The findings may be summarized as
foil Ows.

1. ABO system. The high frequency of the B gene
is again demonstrated, in contrast to the absence

of B genes in the Polynesians. The absence of Az
gene in this area has been noted repeatedly.’” In
the present series a single individual of group AZB
was confirmed. The Xz value in this system is 5.18

(P =0-15). The excess of AB persons (expected 8,
observed 14) contributes the major part of the X2

deviation.
2. hlh’~strrn. The extremely low frequency of M

gene has been noted in many studies of this ppu-
Iation and area, in contrast to its high frequency

in Polynesians. The X2 value in this system is 23.7

(P=O.001), which is statistically invalid. The error
lies in the finding of 25 M persons \vhereas only
11.6 could be expected. Thus it appears that the

N gene in the heterozygote escapes detection. If

this were corrected for, the result \vould be an
even greater frequency of X gene.

3. Rh-Hr .ysfem. The marked frequency of the R’

gene is again demonstrated, higher than reported
in any other study. The failure to demonstrate any

rh negative persons suggests that the probable
genotype of the heterozygous Rh, people is R’R”.

This is further supported by the finding of two
persons of phenotype RhO. The x’ value in this

system is 13.7. Again the statistical value is dimini-
shed because 2 RhO people were found whereas

0.26 were expected. It can be seen that a major
change in Xz value can be caused by a single indi-
\tidual of ’’unusual” grouping.

4. Other qstems. The failure to find in this group

of 310 a single person with a Diego or Ken factor

is noteworthy. The hlarshallese, hfaoris,3’ and
Polynesians are similar in this respect, in contrast

to the Arncrindians~ hfongolians, and F.skimos,”
among whom some Diego posi:ivc people are

found.

The following blood group characteristic of310

Marshallese represent significant: differences from

those of their eastern neighbors (Polynesians) and
suggest a relationship with Southeast Asians and
Indonesians.

1. A relatively high B gene frequency.

2. A high N’ gene frequency.

3. Extremely high R’ gene frequency.
4. Total absence of Ken and Diego factors.

I-tapfoglobins and Transferring. The distrib-

ution of the haptoglobin types in the 176 Ronge!ap-

ese tested is shown in Table 30. Data on all indi-
viduals tested may be found in Appendix 6. 11-sis

sample included some families with two or more

offspring; in these, all siblings but one were re-
moved by random selection to give a sample of
124 individuals in which the families included, at

most, parents and one child. The distribution of
the haptoglobin types in this group did not diRer
significantly from that in the total group. In each

case, agreement with the Hardy -M’einberg pre-
dictions \vas good, suggesting that the population
\vas homogeneous for this trait. Omitting the two

sera ~~ith no haptog!obins, the frequency of the

Hp’ gene is 0.58 and of the Hp’ gene 0.42. The
frequency of the Hp’ gene is higher than in the
t$’est European populations so far tested.

Four Rongelapese had no detectable hapto-
globin either in 1957 or 1959. In addition, in
many sera only very small amounts ofhaptomlobin

DOE ARCHItES

Table 29

Rh-Hr Frequency Among hkshallese and Pot: ncsians

hlanhallese Pol~mesian

Present Simmons Simmons
repozi et ai.*s and Graydon~S

Phenoty~ percent
Rh, Rh, 90.9
Rh,rh 4.2
Rh,Rh2 3.9
Rh, 0.3
RI-I* 0.6

Cene frequency

R’ 0.950
R’ .020
R“ .030

90.6 19.6
0.7 0.7
8.0 50.0
0.3 29.7
0.12

0.951 0.449
.04 .543
.006 .007

+7
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Table 30

Distribution ofl{ap[oglohin Types in Nficrormians From Ror~gclap Atoll

.

Ty~ I-I Type 2-2 T.,rw 7- I., r---

Observed Oand rare typ,
Observed Obscmed

No. in ————.—— Ob.servdExpected, —
Group Expected, — Expecmd,

VOUP % No. No. % No. No. % No. No. % No.
All Rongelap 176 33.5 59 59 18.2 32
Selected” Rongelap 124 33.1 41 - 31.5 47.2 83 85.5 I.] 215.3 19 - 50.0 62 - 1.6 2

●Family groups include only one child (see text). DOE ARCHIVES

were visible; two of these were very faint 2-2’s, but
the fast~t-moving haptoglobin band was not seen

in them.
The Micronesia sera studied were all tram-

ferrin type CC, which is the common Europa
type.

Considerable caution must be exercised in ex-
trapolating to an entire population the gene &-

quencies obtained from a small sample. This is
particularly true when studying societim made up

of small isolated or semi-isolated groups \vhich
compartmentalize the breeding community. Thus,

the Rongelapese appear to have a fairly high fre-

quency of type 1–1, consistent with the general
(though not exclusive) rule that in Europe-.4fnca
and Amerim the frequency ofty~ 1–1 is higher in

populations li\’ing near the equator than in those
remote from it.

It is clear from the Nlicronesian studies that, at
least in some cases, an individual may have no

haptoglobin at one time, but have sufficient hapto-

globin to permit typing at another time. (In this
case, the interval w-as 2 years. ) Examina~ion of the
ahaptoglobinemic individuals gave no signifimnt

findings. i~ith = 34 of the Rongelap population
sampled, all the ahap(oglobinemic indi~iduals fell
into one family grouping. This did not help to
elucidate the genetic pattern, except to make it

aPpear unlikely that the HpO allele, if such exists,
is not at the same locus as the Hp’ and Hpz alleles.
One of the sibs of an ahaptog]obinemic ~vm a t}~

2-1.
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one another, and, if superimposed, exhibit bi-

modality with the antimode in the neighbrhd
of 1.75. With this point used as the division be-

tween high and low excretom, it is estimated that
near] y 9070 of the Rongela~e are high excretom.

A breakdown of this population into exposed and
unexposed groups shows almost identical mean
BAIB excretion valum for the tu,o (expsed, 2.07 ~

~-Amino-iso-bufyric Acid (BAIB] Levels. FiguR

46 shows the frequent}- distribution of B.41B ex-
cretion for the Rongelapese and that ofa New

York City white population for comparison. The
two distribution are essentially complement to

mq B6EILOS z
. q CF@AT?JL~

Figure 46. Frequency distribution ofunnq excretion
rates of ~-amino-i~o-but yric acid of Nfarshall Islandem

(Rongelap) and U.S. whit=.

47
——.—.— —-—-— --— —_. -—__ ____ .-L ——



b

.

6

~... - -.——–. -- ..7—-. _:_
,.

“- -q

I ,4 - 14

.

1.2 -
. . . .

- 1.2

. .
. . . ..

If) - .
. - 1.0

.“ “ .
. . .“

v .

% .e -
. . . .- .2

*-
“.

~
. . .

W
. .

. “.

~.s -
.

.“ . - .6
. . . .. . “.”. -

. .. . *.. .. .

4 -
.

. .
. * .4. . .. . . . . .. . . . . .

.. . . . . . . . .

.2 -
. . . .

. . . .
.

- 2
.

. . .
., .

0 1 ! 1 I

.5 1.0 15
0

29 2.s

43

9.

LCSG
mg BAIE

mg CJ?EATNIMI DOE ARCHIVES

Figure 47. Urinary BAIB excretion (mg-/l-amino-iro-butyric acid per mg
creatinine) versus body load of Cs’$’ (pC), Rongclap inhabitants, 1959.

0.06; unexposed, 2.1 OAO.O4). A scatter plot of

CS’3’ levels and BAIB levels shows no correlation
(Figure 47), and neither does a similar plot be-

tween Zn’5 levels and BAIB levels. The mean
BAI B excretion level for 18 Micronesians, who
were on Utirik at the time of the atomic explosion

and therefore not exposed to significant radiation,
was 2.21 30.13, which is extremely close to the

mean value for the Rongelapese. Among the Uti-
rik people 83Tc \vere high excretors, which is not

significantly different from the Rongelap group

percentage. A number of complete families are in-
cluded in the Rongelap sample (i. e., father,
mother and at least one child); of these the high-
excretor by high -excretor matings are the only
ones pro~’iding significant genetic information.

There \vere 11 such matings with a total of 31 off-

spring (29 high excretors and 2 low excretory). One
of the low excretor offspring \vas illegitimate, as

determined by blood group data, but the other re-
mains as an unexplained exception to genetic
hypothesis.

Rubini et al.’3 have recently demonstrated that

B.41B excretion can be a sensitive indicator of
radiation exposure. The mechanism invol~’ed is

probably the same as that underlying the effkct of
nitrogen mustard on B.AIB excretion.33 Such

agents markedly increase DhTA breakdown; the
thymine thus released is effectively converted to

BAIB in man ““33 and excreted in urine, since no

appreciably tubular reabsorption Of BAIB OC-
curs.” It is unlikely that the high incidence of high
B.41B excretors found in Rongelap is due to radia-

tion. The identical a~erage B.L41Bvalues in the ex-

posed and unexposed groups preclude the pos-
sibility that the elevation is due to the fallout ex-

posure in 1954, and it appears that radiation ex-

posure (at the levels received at Rongelap) has no
long-term effect on B.AIB excretion. The lack of

correlation with the CS13Tand Znss body burdens
rules against the elevation behtg due to the present

retained internal radiation. The nearly identieal
values in the Utirik group who received a very

small dose of radiation, and ~~ho have much lo~rer
body burdens of radionuclides, is also consistent
w’ith the thesis that a high incidence of the gene

underlying fl-amino-iso- but~-ric aciduria is re-
sponsible for the obsetn-ed B.41 B excretion rate.
The expression of the normal genetic difference is
probably due to differential metabolism of B.41B

by high and low excretors.3’
The level of B.AIB excretion among the Xlar-

shallese is the highest yet reported for any popula-
tion. Blood group” and other anthropological

data on these people suggest a Southeast Asiatic
origin; if this is true, a high BAIB le~el can be

predicted for the populations of that region.

Studies of some Asiatic populations have given
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Fsgure 48. Percent distribution of glucose-6-phosphate
dehydrogenase deficiency in males and females (percent
of persons versus decolonization time).

relatively high BAIB valum, which suggest that

there may be an Asian focus for the high BAIB
excretor gene.

Glucose-6 -phosphate Dehydrogenase De fermi-

naf;on. One male ( # 11) decolonized at 102 mist
and was classified as positive; three females (’ 18,

22, and 851 ) decolonized at 80, 85, and 93 rein, re-

spectively, and were classified as intermediates. The
distributions are sho~vn in Figure 48.

The glucose-6-phosphate dehydrogenase defi-
ciency appears to exist in the Rongelap popula-
tion, although in fairly low frequency. The numb-
er of tests done was too small for any final con-

clusions to be draum, and it is important that these
results be confirmed on subsequent visits, par-

ticularly with tests done in the field in order to

eliminate the possibility of sample deterioration

during transport.
DOE ARCHIVES

Radionuclide Body Burden

Evaluation

INTRODUCTION

In considering the evaluation of the radionuclide
body burden of the Rongelap people, the follow-

ing facts should be kept in mind. During the two

days that the people remained on the island after
the fallout occurred in 1954 (prior to their evacua-

tion), they lived in a radioactively contaminate

.
cn(’ironmcnt and made li~tle or no effort to a~,oid

inhaling the radioactive material or ingesting it in

their food and water. The resulting internal radio-

active contamination was reflected by significant

levels of activit y in their urine detected by radio-

chemical analysis. Following their evacuation, the

people lived for 3 years on the uncontaminated
islands of Kwajalein and Majuro. The people of
Utirik were returned several months after the acci-

dent to their home island, since the level of con-
tamination there was very low.

The initial body burdens of internal emitters
were estimated from data obtained by radiochemi-

cal analysis of the tissues of pigs which had been
simultaneously exposed, and also from a compari-

son of human and animal urinalysis data.36 The
mean body burden at one day was estimated (in

PC) as Sr”, 1.6; Ba’40, 2.7; 1’”, 6.4, and the rare
earth group together, 1.2.’Tbe contribution of this
amount of internal contamination is small com-
pared to the 175 r external gamma dose received.

In the fimt few months following this acute expo-

sure, Sr’g and 11” (plus the shorter-lived iodine
isotopes) contributed the greatest internal radia-

tion dose. Srg’ contributed the major portion of
the beta dose to the skeleton at this early time.

The highest dose to an individual tissue (100 to
150 rep) was delivered to the thyroid by 1’” and

the shorter-lived isotopes, 1’3’, 1’3’, and 1’s5.
In the spring of 1957,3 years after the accident,

four Rongelap people, two Utirik people and one

unexposed Marshall Islander were taken’ to
.4rgonne ATational Laboratory, and gamma spec-

trographic analyses were carried out in a \xhole-

body counter. Distinct photopeaks indicati ng the
presence of significant levels of Cs’” and Zn”

w’ere detected in the spectra of exposed Rongelap

people and the unexposed subject.’.” This experi-
ence demonstrated the feasibility of using in vim

whole-body counting techniques for estimating

body burdens in these people. In the following
year, 1958, a “portable” steel room and a \vhole-

body gamma spectrometer were ccsnstructed at
Brookhaven National Laboratoq which could be
transported to the hlarshall 1s1ands for use in fhr-
ther studies.

In July 1957, after careful radiological surveys
which showed the island of Rongelap to be safe

for habitation, the people }sere returned and
settled in a completely ne\v village which had
been constructed for them. LOW levels ofcontarni-

nation persisted on the island, which ha~,e sin~

$1
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Iwcnrcflectcd in’anincrcascin body burdcnsof

some radionuclides. As will b~ sho}vnj the in-

creases, though many fold, have remained far be-

low ma~imum permissible levels.

ESTIMATION OF THE INTERNAL
RADIATION HAZARO

The potential radiation effects that may be pro-
duced by specific quantities of internally-depited
radioisotopes can be only roughly predicted from

clinical] y observed eflects of known amounts of in-

ternally-deposited radium. These effects do not

appear until a period of years (10 to 15) has
elapsed. Thus, although it is possible to estimate
the potential hazard in terms of the concentration
of internal emitters, clinical observations made
within a few years after contamination yield no

data on the degree of damage that may ultimately
be produced.

In evaluating the long-term effects produmd by

an acute internal exposure and exposure to resid-
ual contamination, SrgO is clearly the critical ele-
ment. Particular effort was therefore made to
determine its levels in the urine of the hlarshal-

lese, and thus to estimate the body burdens.

Of the gamma-emitting fission products, CS’37is
of the greatest interest, even though it is of minor
significance as an interna! radiation hazard, Like
Sr’O, Cs’3’ has a gaseous precursor \rith a half-life
sufficiently long to avoid early condensation in the
fireball. CS’37 thus follows Sr’O into the strato-

sphere. Since the fission yields and the half-lives

of the t\vo radioelements are nearly equal, they
are present in the fallout in like quantities. J$’bile

they have different ecological cycles because of
their different chemical propertiq Cs’3’ neve~e-

less provides a useful tracer for studying the move-
ment of Srgo through the biosphere, since its gam-

ma-emitting properties make it readily detectable.

There is also some interest in the neutron-in-
duced radioelement Zn”, even though it, too, does
not appear in levels hazardous to human beings.
The interest cenlers chiefly around the fact tit it
is definitely transmitted through marine life, and

thus provides a clear example of the transmission

of a radioelement through the food chain to man.

Other fission products and neutron-induced
activities (Fe35. sg, C05:.56.60, Lfns’, ce’’4-prl*’,

Zr’5-Xb’5, and Ru10G-Rh’06) also appear in small
amounts in the soil and the food chain, and thus
may appear zzhimately in man, but the levels are

so low I}lal Iittlc efTort W:IS m:iclc to quantify t)lcse

clcmcnts in the hfarshallcsc until ~vholc-body

counting techniques made it feasible.

The body burden of fission products can be

determined in three ways. The method of choice

is the direct in uivo measurement by whole-body
spectrometry. The limitations of this method are

that few whole-body counters are in existenm,
they require enormously bulky shielding and thus
are not easily transported to various sites, and
their absolute calibration is difficult. Further, this

method is restricted to anal),sis ofgamma-emitting

isotope-s, since, to date, a whole-body beta counter

has not been developed.
%$Y9C3!TESA second method for calculating

particularly for counting beta ernittem such as
Sr’O, is the estimation of the internal deposition
fkom data obtained by radiochemical analysis of
the urine.

Finally, it is possible to make a completely in-
direct estimate of the human body burden of
radioisotope by what may be called the en\-iron-
mental approach. In this method, the estimate of
the body burden is based on the concentrations of

the fission products present in the environment,

chiefly the soi! and the important components of
the diet. In order to make this estimate, data must

be obtained on the transfer of the fission products
between successive elements of the ecological

chain leading from soil to bone. For example, al-
though Sr and Ca are chemically similar and thus

appear together in the ~ario~s componen~ of fie
ecological chain, Ca is taken up preferentially- by

plants and animals so that it is neces~ to deter-
mine the discrimination factor for each step. lllen

these factors are known, it is possible to estimate
the concentration of a radionuclide in man fi-om

its concentration in an}’ step of the ecological
chain.

All three of these approaches to the estimation
of the body burdens in the hlarshallese people w-ill

be considered in this report.

EXPERIMENTAL PROCEDURES

Whole-Body Counting

The gamma-ray activity from the internally-

deposited fission products and the neutron-in-
duced activities in 227 of the hfarshallese people
were measured w-ith a ~i”hole-body gamma scin-

tillation spectrometer. The technique of in zzko
gamma-ray measurement of human bein~ was

$1
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Figure 49. \Vholc-body counter and electronic room
mounted on tracter located on tank deck of Navy I.ST.

DO13 ARCHIVES

Figure 50. Interior of electronic room showin~ 100-
channel analyzer and associated electronic circuitry.

.
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Figure 51. Nfamhallme subject in standard
counting position inside steel rmm.
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used to supplement quantitative radiochemical

analytical proccdurcs, and has made possible vet-y

rapid and positive identification ofgamma-emitting

radionuclides. The principles of in us’vogamma

spectrometry as applied to human beings have
been previously described.”

The steel room constructed at BNL in 1957 for

the Marsh allese surveys has been described pre-
viously.e The “portable” 21 -ton steel room, 5x5

X 6-ft with 4-in. -thick steel walls, was used to

supply the required shielding (see Figure 49). This

steel room was mounted on a large trailer along
with a 7 X8X 10-ft air-conditioned wooden room,

designed to house the electronic components of the
counter (see Figure 50). The trailer was mounted

on the tank deck of the h’avy LST, and the sub-
jects to be counted were brought aboard up the
ship’s ramp from the beach on each island visited.
Also available on the tank deck were shower
facilities where each subject washed and then
changed into an uncontaminated paper suit to

avoid the possible risk of measuring any external
contamination that might be present.

A 5-in. NaI (Tl) crystal (Harshaw) was placed

over the sllbject at a distance of 19 in. above the
apex of the chair (see Figure 5 1). The pulses fmm
the photomul(iplier were fcd into a linear ampli-
fier (Cosmic Radiation Lab. Inc., Model 101), and
thence into a 100-channel analyzer (ThfC-PA

0

‘Jr
.—r ~ —.. T--–T —T —7_ ,

CS’37(0.66 Mev)~-

‘\
\

\

‘.
\/
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020 Q40 06C 053 Ico 1.20 1.40 I .60
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Figure 52. Gamma spectra of hlarshallese male (subject
=4, age 40, WI 70 kg - solid line) and normalized plastic
phantom (containing 0.64 pC Zn”, 1.22 pC CS’3’, and
140 g K - dashed line), 1959.

100, Quartz I.i[lc stc]r;i~c l’ul~-llcig}]t An.~$icr). ,

Two colnplcIc detectors and anal}zcrs with the
necessary associated electronic circuitry were

taken along, since considerable difficulty had been

experienced during the previous year in main-
taining the whole-body counting system opera-

tional under the conditions of tropical heat and

humidity. Housing of the electronic equipment in
an air-conditioned, dehumidified room during

operation was of considerable assistance in main-
taining its stability.

Since the principal photopeaks in these persons
were known from the previous study to be due to

CS’” and Zn6’, and since the levels were suffi-
ciently high, it was only necessary to count the
subjects for 5 or 10 min with the particular geo-
metrical arrangement described above. The data
were printed out on a paper tape of a I’ictor add-
ing machine, and the tapes were r
for analysis. &- @~~~~L

Analysis of Gamma-Ray Spectra

The quantitative interpretation of the gamma-
ray pulse-height data for the discrete gamma

energies involved the graphical reduction of the

data. A t~pical spectrum of a Mars. halle.seis shown
in Figure 52. The ordinate represents counts per

20-kev pulse-height increment, and the abscissa
represents gamma energy. In the graphical stri-

pping method employ ed,’’,” the activity of the
highest energy gamma-ray in the mixture, K’”
(1.46 -hfev), is determined directly from the

ordinate \alue of its total absorption peak. Then a
channel-by-channel subtraction of the distribution

corresponding to the abundance of this particular
gamma-ray or radionuclide is made from the spec-
trum. IYhen this subtraction is completed, the

concentration of the gamma-ray of the next
highest energy, Zn’S (1. 14-hfev) can be estimated
from the ordinate value of its peak. The dktribu-
tion corresponding to the concentration of the
second gamma-ray is then subtracted from the re-
maining distribution, and the process is continued
with CS’3: (0.66 -Mev) until all the three major

gamma-ray-emitting components have been de~er-
mined.

This stripping process is illustrated on a spec-
trum of the plastic phantom containing known
amounts of K’”, CS’3:, and Zns3 (Figure 53). It is

to be noted that at the concentrations used here

(approximately the mean concentrations found in
the hfarshallese), the Compton contribution of

--- ._. _ _. ——. ___ ___ —. —--- —-.. .—.. _—___
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Figure 53. Gamma spectrum of phantom illustrating
graphical stripping of K“”, Zn”, and CS’” from total
spectrum.

one isotope to the photopeak of the other isotopes

of lower energy is very small.

‘In order to carry out this stripping method, it is

necessary to have calibrated pulse-height distribu-

tion spectra for each gamma emitter encountered.

Further, these spectra must ideally be obtained

from a subject of the same size and body build. To
obtain these spectral data, kno~~n amounts of
Cs’3’ and Zn’5 were administered to subjects at
BNL, and their spectra were obtained. Later in
(he study, a plastic phantom (RENIAB-Alde~n)
was obtained and used for calibration (Fi~e 54).

Spectra were also obtained from the phantom
with known amounts of KC1, C5137, and zn65.

From these spectra, an average spectrum for each
isotope was obtained. The pulse-height distribu-

tion spectrum of one of the Marshallese subjects is
compared with the spectrum obtained with the
plastic phantom containing the same concentra-
tions of K, CS’37, and ZnGs in nearly identical
counting geometry in Figure 52. In this w-ay it was
possible to simulate the multicomponent spectra
of the Nlarshallese by use of the phantom.

Since it is not possible to measure a photopcak
until the contributions of other peaks of higher

energy and their Compton continua have been
subtracted out, and since the presence of small

amounts ofunkno~vn radionuclides is not al\vap

ob~’ious in the presence of large concentrations of
other radionuclides. it is possible to miss the pres-
ence of very small amounts of other fission prod-
ucts. However, when all the major components
have been stripped out, the presence of any re-
maining photopeak should serve to identify the

presence and concentration ofotllc-r co]nlx)ncnts

of the spectrum.
This procedure was further complicated in this

study by several factors. In the field s[udy the sub-

jects were measured with a 5-in. NaI (T]) c~-stal.

The calibration was originally carried out in the

field with a Presdwood phantom, but when the

AlderSon plastic phantom later became available
it was found to give a better approximation of the

spectrum for each isotope, and therefore most of

the calibration was repeated with it at BNL.
However, the geometry in the field situation was

rather difficult to duplicate exactly. Also, cxsunting
the subjects for 5 to 10 min was sufficient to esti-
mate accurately the levels of Cs’3’ and Znss but
not the K’” body concentration and trace amounts

of other fission products in the presence of the rela-
tively large amounts of Cs’” and Zn”. The lack

of a statistically significant number of counts to
measure K’” accurately is evident from the poorly

defined K’” photopeak of the subject as compared

DOE ARCHIVES

Figure 54. Calibration phantom in standard counting
position in BNL whole-body counter.

Cjd
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to that oflhc phantom, which was col}nted for 30

min (Figure 52).

In future whole-body C~Junting ofthcse pcop]e,

it will bc possible, by counting for longer periods

and usi~g an 8-in. NaI crystal, to improve the

absolute measurement of trace amounts of other

radionuclides that may be present.

Since a total of 227 Marshallese persons were
surveyed with the whole-body counter, in addition
to numerous controls, the spectral analyses wert

performed with the aid of a 704 IBM computer.

Radiochemic&l Procedures

Twenty-four-hour urine specimens were col-
lected in plastic bottles and sent to BN’L for radio-

chemical analysis. A modification of the method
of Farabee40 \vas used for the analysis of SrgO. Sr
was precipitated as the alkaline phosphate, ashed
with Hh!O~ and H20Z, and dissolved in dilute

HN03. After the solution was brought up to a
volume of ~800 cc, the alkaline earths were com-

plexed with EDTA, and the pH was adjusted to

5.5. The solution was then passed through an ion
exchange column (Dowex-50 in the h’a form),
and (he column was rinsed with 300 cc ofa solu-
tion of I% citric acid and 0.75% EDTA at apH of

5.0. The combined eflluents contained >959”of
the total Ca. The column was then rinsed with 6

N I-INO, to remove the Sr’O. Carrier Sr wzis added
to the Sr’O fraction and precipitated with 70%
fuming HNO,. Sttrium-90 ~vas milked and counted

by t}]e method of the AEC Health and Safety
Laboratory.”

The supernatant from the alkaline phosphate
precipitation was measured and divided into two

portions. One portion was scavanged for cesium
\vith added carrier by means ofa double precipi-

tation of the aluminum sulfate and the chloro-

platinate.”’ The second portion w-as analyzed for
K b} flame spectrophotometry.

Food samples \vere weighed and d~-ashed in a
muffle furnace at 800” C. The ash \vas weighed,

and a small portion ~ras counted for gross beta
activity. The ash tvas dissolved in dilute HNO,
and processed by the method described above for

urine anal! ’sis.
All counting was done in a lo~v-level beta anti-

coincidtmce t]-pe of counter, designed and built at
BNTL. Samples \vere mounted on glass fiber filter

discs with nylon rings and discs and hlylar film.
Samples were counted against NBS standards
processed and counted under identical geometry.”

1
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RESULTS AND DISCUSSION ,

All three of the above methods v.cre used for
estimating the body burdens of~amma- and beta-

emitting radionuc]ides in the hfarshallese pcwple.
Individual values for all the people examined in

1959 may be found in Appendix 7 for gamma

spectrographic analyses and in Appendix 8 for
radiochemical analyses.

DOE ARCHIVES
Environmental Estimate

One method used (the least quantitative) was
the environmental estimate of body burden. The

environmental estimate ofinternally-deposited

Sr’O was made in two ways. In the first method,
animals subsisting on diets similar to human diets
were sacrificed and their tissues were analyzed

radiochemically. A number of rats were collected
on Rongelap Island at 2, 4, and 5 years af[er the

1954 accident. If the diet of these rats, primarily
land plants, was sufficiently similar to the diet of

human beings inhabiting this area, the rat analy-
ses might serve as indicators of the human internal
radiation contamination. The SrgO/Ca ratios of
various tissues of these ra~ M,ere measured dirmt.

Iy and compared to the ratios of the food and soil
on Rongelap collected atthe sometime; that is, the
environmental contamination \vas compared with
the directly measured contamination in animal

tissue. Extrapolation of the en~ironmental data
gives the equilibrium value which can be ex-

pected, whereas the direct measurement gives the
value at the time of measurement (and thus the

percent of the equilibrium value for the individual
radionuclides).

The Sr90/Ca ratios for different plant foods on
Rongelap varied greatly, and the diet of the rats
\vas too uncertain for an “average” diet to be as-

sumed. Therefore, for a body burden estimate it
\vas necessary to use the SrqO/Ca values of the soil

itself.

The “strontium-calcium observed ratio” (OR)
of Comar’z \sas used to denote the preferential
utilization of calcium in the following reamer:

OR
Sr/Ca of sample

‘amp’’-pc”rs”r”r = Sr/Ca of precursor

The Ss-’Odiscrimination ratio in the chain Eom
soil (s) to bone (b) via plants (p) can be expressed

as follows:

ORb_’=(ORfl_,)( C)R,_ P)=(0.7)(0.25)= 0.18 .

9
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The value OR b_, =0.25 is art approximate value
obtained experimentally on ra~s fed a s{ock labo-

ratory diet.” The discrimination factor of4 for
;calcium against strontium from diet to bone in

man has been reported by schulert’s and Bt-yat-tt.44

A more appropriate value for the rats in this situa-

tion might be the OR ,OnC.~,., =0.16 obtained by a
study of wild kangaroo rats living in the Nevada

desert.”
The Sr*O body burden is then

(SrgO/Ca), = (Sr’O/Ca).(OR,-, )( OR,-,)

~(8.4x 103)(0.7)(0.16)=924 ppC Sr’O/g Ca .

The value obtained in this manner is approxi-
mately twice the value 470 to 545 ppC Sr’O/g Ca

obtained by direct radlochemical analysis ofthc
tissues of rats living on the island during the 2-

year period following detonation. ” This dfierence
between the indirect en~’ironmental estimate of
the body burden of Sr’O/Ca and the results of
direct analysis may reflect either errors in the dis-

crimination ratios or perhaps lack of equilibrium
between the Sr90/Ca in the animals and in the
soil at 2 years. The latter possibility exists, since,

although the 13 adult rats analyzed by Held” at
4 years had values close to the 2-year level, 443A

181 ppC Sr’O/g Ca, the life span of the rat is only
=2 years.

Table 31

—

It is ob~!iolls that usc of [his tt-cl~niquc to esti-

mate the Sr”” body burdens ofthc hlarshallcse

people is also complicated by the unccrtaintyof

their diet. The estimates of average dietary intake

of the Marshallese since their return to Rongelap

arc approximate, becauw the diet has varied dur-

ing the past several years. A study made in 1958
yielded daily Sr’O/Ca intake Icvels of 67.5 Sr units

(PPC sr’O/g Ca), provided that coconut crabs (see
Figure 4) were excluded from their diet.”’” The

Sr*O/Ca levels in the various foods are shown in
Table 31. This study was based on the anal}~is of
\’arious food samples in what may be considered

an average diet. The data were obtained from a

study of the diets of 14 males on Rongelap.4’ It
was assumed that half the calcium in the diet was

derived from food not native to Rongelap Island.
From the discrimination factor of 4 and the daily
intake of67.5 Sr units, the equilibrium Sd’” body

burden for the Rongelap people is calculated as
~ 17 mPC. This is very close to the equilibrium
body burden (23 mpC) esti mated by \$’oodward

from the urinalysis data.w
Another effort was made in the 1959 survey to

gather samples of meals to be assayed for Sr’O/Ca

content. However, since the Nlarshallese were
found to subsist to a large extent on foods not in-

digenous to the area, such as C rations, rice, and

-.—

DOE ARCHIVES
fitima~eofSr90in I)ietofRongelap.4dults, 1958

A B AxB D E DxE
Daily Ca Daily Fraction Sr’O Contribution to

intake, * g conlent, Ca of total content,
(wet wI)

total daily

mg/g inlake, mg Ca intake”” ppc/g Ca Sr’” intake, ppC/g Ca

Nleal from mature coconut 89 0.075 6.7 0.008 I ,200 9.6
bleat from drinking coconut 75 0.14 10.5 0.013 210 2.7
Nfilk from g7-een coconut 116 0.15 17.4 0.022 1,000 22.0
Pandanus, edible portion 79 0.15 11.9 0.015 930 14.0
bOV.TOOt 58 2.10 121.8 0.152 19 2.9
Breadfi-uit 45 0.60 27.0 0.034
Fish

260 8.8

139 0.13 18.1 0.023 280 6.4
Clams 45 4.00 180.0 0.’225
Crabs, land 14 4.00 56.0 0.070 (4,0& (28;:;)

Total 660 449 0.56 67.5

The diet also included imported foods: rim,
canned C rations. flour. tea. milk. salt. and sugar.

“Based on average daily- diet of 14 Rongelap males.”
●*Based on ~olal calcium intake of O.8 g/day.

.-. — .—-— .



tea, it b&came even more difficult 10 cx[rapolate

to body burden from food.

It is ob\,ious that further data are required on

the transport of low levels of Sr90 and other prod-

ucts through the ecological cycle in this and other

communities to make possible assessment from

environmental data alone of the internal radia-
tion hazard to human beings living in a fallout-
contaminated area.

More reliable estimates of the Mat-shall= body
burdens can be obtained by whole-body gamma

spcctrometry and by radiochemical urinalysis.

Rodiochemical Analysis of Urine

Strontium -90. The urinary excretion levels of
Sr’O for the 5 years follow-i ng exposure to failout
are shown in Figure 55. The 4- and 5-year levels

were much higher, after the return of the Marshal-
lese to Rongelap in July 1957, the mean being
higher by a fac~or o~ 20

March 1957.

r ,

n March 1958 than in

, t
I I

TIME IN DAYS -AFTER MIX+CH 1,1954

Figure 55. Urinaq excretion of Sr90

in exposed X fars,hallese.

, .. I
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The cxcrctidn rate of Sr”” may he exprmscd as
the sum of two exponential functions for the first

3 years following exposure. The major fraction of

Sr’” is excreted early, with a biological half-life of

40 days. The smaller fraction is excreted with a

half-life of 500 days. These excretion rates cor-
respond to those reported by Cowan’: in a case of
accidental inhalation of Sroo, and were used in

extrapolating back to the one-day Sr’” body bur-
den of the Marshallese.’a.

The 1958 Rongelap body burdens of Sr”, Cs’s’,
and Zn=5 are presented in Table 32, and also
figures for percent of equilibrium and equilibrium
value, estimated by Woodward30 from urinary ex-

cretion data. These values are subject to some un-

certainties, since they are based on a number of

assumptions; however, they can be checked by use

of other methods. For example, the estimated
body burden of Sr’O in March 1958 was 2 ppC/g
Ca, based on the 24-hr Sr’O output in urine (1 Iitcr

per 24 hr), and this appeared to be of the right
order of magnitude compared with data from
bone analysis. Two bone sampl~ of vertebra and
ileum from a deceased 35-year-old Rongelap male
at this time indicated a level of about 3.7 ppC/g
Ca, which gives, upon application of the normali-
zation factor of 2 from vertebra to a~crage skele-

ton,sz an average skeletal value of 2 ppC/g. Thus
the mean body burden of Sr90 for exposed Ronge-
Iap people in 1958 was estimated to be =2 mpC,

or about 9% of the estimated equilibrium ~alue of
23 mpC.’O

The estimated Sr’O body burden increased fi-om
2 mpC in 1958 to 6.0 mpC in 1959, or 262 of the
estimated equilibrium \,alue. The 1959 Srqo mean
urinary value in the exposed Rongelap inhabit-
ants uas 6.3 ppC/1 or 10.5 ppC/24-hr urine, based

DOE ARCHIVES

Table 32

Estimation’” of Body Burden, in mpC, of Rongelap Population From Urinary Excretion Levels, 1958

c.+’ Zn”

Sr’O, Exposed Exposed Control Exposed Control

Body burden .2* 900 1200 280 540
Equilibrated body burden 23 1300 1600 330 650
Percent ofequi!ibrium 9 69 75 85 83

Daily intake 0.015** 2(?) 2.1-4.1

●3.7 Strontium units (SU) determined by bone biopsy,
●*15 SU assuming daily calcium in:ake = 1 g.

57
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Table 33

Urinary Sr”” Lock, in ppC/1, ofhfarshalk.e, 1959,
>

Males Females

Age 1-15 Agc>15 Age 1-15 Age >15

Rongelap exposed 24
7:152.0 $;”

‘ 7.3 55.1 (8) 3.9 (2) 5.4 52.2 (9)
Rongclap unexposed 5.6 %2.8 (9) 4.2 32.3 (6)
Ailingnae 5.3 (1)
Utink

3.0 (1)
1.5 50.9 (5)

Ebcyc
3.; (1) 2.5 (2)

0.5630.37 (4) o.70&o.70 (3)

“The numbers in parentheses arc the numbers ofpeoplc in the group.

Table 34
DOE ARCHIVES

CS’” Body Burdens, in mpC/kg, of Marshallmc as Mea_sur~ by \4holc.Body Gamma Spectroscopy, 1959

Maka Fcmalea

Age 1-15 Agc >15 Agc 1-15 Agc>15

Rongelap exposed 12.4& 6.2 (9)* 14.2A5.1 (10) 11.332.7 (12) 11.033.4 (16)
Rongelap unexposed 11.8t4.8 (20) 14.o&4.7 (37) 9.9&2.l (15)
Ailingnae 8.9 (2)

9.8A2.8 (33)
11.5% 3.6 (4) 10.023.1 (4) 11.4 %4.5 (5)

Utirik 4.6&l.2 (14) 4.5Y1.6 (15) 4.5&l.9 (14) 3.6*1.3 (15)

‘The numbers in parentheses are the numbers of people in the groups.

on an average 24-hr urine output of 1660 ml (see
Table 33). No significant difference was found
between the Rongelap exposed and unexposed

groups, although the exposed adult group had a
slightly higher mean value than the unexposed
group. Females tended to have a lo~ver mean Sr’”

value than males, but the difference ~a~ not ~~.

tistically significant. Relati~,ely few children <15

years of age were tested for urinary St-eo; therefore,

it w-as not possible to compare their levels statis-

tically ~vith those of the adults. The mean Sr90

urinary \alue for an adult inhabitant of Utirik was
1.8 ppC/1, which is about 35’% that of the Ronge-
lap group. The control group on Ebeye Island (not

contaminated) had still lower values, 0.62 ppC/1,
The lack of significant difference between the

exposed and unexposed groups on Rongelap seems
to indicate that essentially no residual SrgO from
the initial exposure is detectable in the exposed
group.

Cesium-i 37. The Cs’3’ urina~ excretion levels

of the Nflarshallese people for the period from 50
to 180 days follow-ing exposure can be expressed

as a single exponential function with a half-life of
70 days (see Figure 56). This figure is not in agree-

ment with the value of 140 days obtained by Art-
derson,5s but a biological half-time 0f51 to 59

days \vas obtained in a clinical study made overa
4-month period follo~ving injection of CS137C1,
into tw’o patients.’s

The estimates of body burden of Cs13’ in 1958,
derived indirectly from urinalysis, are presented in

Table 32.

The urinary excretion of Cs’3’ of 34 ppC/1 in
1957 indicates that the Rongelap people \vere ex-
posed to a continuing low level of Cs’3’ from
stratospheric fallout during 1956 while residing on
Xfajuro. By contrast, the mean body burden of

Cs’3’ in 1957 of the Utirik people (~vho ~~ere re-
turned to their atoll in 1954) ~vas 334 mpC, con-
siderably higher than that of the Rongelap people
who iiere residing on hfajuro at that time. so T%is
higher burden among the U~irik people in 1957

can be attributed to the higher level of Cs]37 con-
tamination on Utirik than on hfajuro at that time.

Zinc-65. Zn” uri nan levels wet-e not measured

before 1958. J\’ith the assumptions that excretion

of Zn65 is exponential and urinary excretion is

10% of total excretion (urinary/fecal ratio=%),

the Nlarch 1958 urinary excretion level of 175

9
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1 PPC/1 indicates a body burden in the exposed
Rongelap group of280 mpC ( A49%) with an

equilibrated body burden of 330 mpC. sDThe Znc’

level was therefore 85% of the estimated equilib-

rium lcve) in 1958 (see Table 32).

Whole-Body Counting With

the Gamma Spectrometer

Cesium- 137. The body burdens ofcs’” of the
various groups studied during the 1959 sutwey are

presented in Table 34. The variations in levels
within each group are quite large. If Cs’s’ body

burden is expressed in units per unit body weight,
no significant difference is found between persons
oJder and younger than 15 years. The mean Cs13’
level tends to be slightly lower for females than for

males, but again the difference is not significant.
It is to be noted that no significant difference was

found between the Rongelap exposed, the Ronge-

Iap unexposed, and the Ailingnae groups. How-
ever, the mean CS’37 body burden of the Utirik

group (4.3 mpC/kg) is (as in the case of Sr’O)
about one-third that of the Rongelap exposed

group (1 2.0 mpC/kg).
The mean Cs’3’ body burden of the exposed

Rongelap group in 1959 was 0.57 pC (12.0
mpC/kg) compared to 0.68 pC in 1958. The level
has fluctuated over the years since the original
contaminating event. (See Figure 57, which shows
values obtained by whole-body gamma spectrom-

eter} and by extrapolation from urinalysis data. )

Unlike Sr’O, \vhich is firmly fixed in the skeletal
tissue, Cs’3’ has a relatively short biological half-
life, and thus readily reflects the environmental
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Figure 56. Urina~ excretion of Cs’3’
in exposed hlarshallese.

level. The sligh~ incrra~[~ in ctlvirdrin~t.llt~l, level “ 1
of cs’~’ during the 1956 and 1958 periods of
weapon testing was reflcctcd in an incrcascd body

burden in the Marshallese. As pointed out, a very

marked increase in Cs’3’ was also observed in the

Rongelap people af~er they returned to their orig-
inal island in 1957: the body burden in 1958 was

about 0.68 pC, about 60 times as great as in 1957,

and the urinary level rose by a factor of ] 40, be-
cause of the ingestion of Cs’” in food on Rongelap

during the 9 months since their return. The aver-

age Cs’x’ content of 250 Americans studied in
1958 was 6.6 mpC or %00 of the mean Rongelap
body burden.”

The average daily intake of Cs’3’ for an inhabit-
ant of Rongelap in 1958 (average of 13 daily

rations) was estimated to be 3.9 mpC.’7 This is
about 1.3% of the nonindustrial maximum per-

missible daily intake, which is the product of the
maximum permissible concentration” and the
daily intake of water:

(2x 10-4 pC/ml)X(l.5 x 103 ml/day)

=300 mpC/day. DOE ARCHIVES

Z;rrc-65. Zn’5 \,as first detected by Nliller’” in

1957 in the se~en hfarshallese examined at
Argonne National Laboratory by ~~hole-body

spectrometry, although it had been observed in
high concentrations in fish as early as one year
follo,.ing the 1954 detonation.” Body burdens of
Zn” in 1957, measured directly, averaged 44

mpC in five Rongelap inhabitants (Fl~re 57) and
350 mpC in two Utirik inhabitants. hfiller, in
1957, determined an eflective half-hfe of 110 days
for the elimination of Zn6’, which gi~-es a biologi-

cal half-life of 200 days. Ho\vever, a value of 89
days was obtained for the biological half-life in

two patients over a 2-month period.”
The mean body burden of Zn” estimated from

whole-body counting data was 0.36 pC in 1958

after the return of the Rongelap people to their

island. or 8 times the 1957 \“alue (Fi=gure 57).
The estimated Zn’5 intake in food (? to 4 mpC/

day) can be largely accounted for by the Zn”
le~els reported for fish, In 1956, fish from Ronge-
lap Lagoon were found to conlain 0.6 mpC Zn65
per lb muscle, or 7.5 mpC per lb \vhole fish.”

The 1959 body burdens of Zn” are presented in
Table 35. .4s \vith CS’3’, the variation \+ithin any
group is large, and no significant difference is

found in Zn6s per unit body \veight correlated

#t
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1957

1958

1959

[

BG’” 0.007(0,011)

❑ Z.45 0.028 (0.044)

I Sr’o O.0001

# ce~~(?)

POST REDWING

k“ a -=-’7
RETURN TO RONGELAP

.-, - . . ... .. . .
. . ~la,

a 0.9 (0.68]

DOE ARCHIVES

t I 1 i i

0.5 1.0 1.5 2.0

pc

Five 57. Estima[ed body burden of isotopes of Rongelap people. Vaiues in parentheses

obtained b)- whole-body gamma specwometV; o[her values from urine analysis data.

Table 35

Zn” Body Burdens, in mpC,lg, of hkrshallese as Xleasured by \f’hole-Body Gamma Spectroscopy, 1959

\lales Females

Age 1-15 Age >15 .4ge 1-15 Age >15

Rongelap exposed 10.652.2 (9)* 9.933.1 (lo)
Rongelap unexposed 7.932.0 (2o)

8.6*2.6 (12) 9.433.3 (16)
9.932.9 (37)

Ailingnae
9.352.8 (16) 8.7ti2.2 (33)

8.0 (2) 14.435.7 (4)
Utirik

8.132.1 (4)
2.550.8 (14)

10.5t2,6 (5)
4.2&l.6 (16) 2.850.8 (14) 2.530.6 (15)

*The numbers in parentheses are the numbem of people in the group

~D
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Table 3f!I“ “

Residual Gamma Activity, in countslmin/kg,
in hfarsballesc After Subtraction of K”O, zn~a, and ~IS~

Age, YT

1-15 >15

Rongelap exposed 36. I 37.9
Rongelap unexposed 21.4 35.0
Ailingnae 17.2 43.0
Utirik 8.8. 11.7

with age or sex. No significant difference was

found between the Rongelap exposed and unexp-

osed groups, which implies that no residual Zn6s
activity remains in the Rongelap people from their

original exposure.
The 1959 mean body burden of Zn=’ was 0.44

pC as compared to 0.36 pC in 1958. Thus Znss
body burdens do not seem to have reached a
steady-state equilibrium with the environment, as
is also the case with CS137. Since the source of Zns5

is fish, \shich continue to be a dietary staple, the
Zn” value can be expected to increase still further.
The mean Utirik Zns’ Ie\’el in 1959 was about

one-third the Rongelap mean value.
Although CS’37 and Zns5 comprise the major

portion ofgamma-emitting radionucIides present
in the ~larshallese (aside from the naturally oc-
curring K’”), residual gamma activity is still pres-
ent after subtraction of K40, Zns5, and CS13Tcon-
tributions from the total spectrum in each sub-

ject (see Table 36). Anal~rsis of the residual spectra
did not indicate any readily identifiable photo-

peaks in the short counting time employed (5 or
10 rein). This short counting time, along with the

difficulties discussed earlier in exact calibration of

absolute acti~-ities, makes the identification of
minor photopeaks very difficult. ilost of the diffi-
culties can be circumvented in future field trips by
the use of longer counting times, the use of an 8-in.

crystal, duplication of the geomet~ by use of the

same standard chair, and a more precise calibra-
tion of the phantom.

Summary and Conclusions

Continuing annual medical surveys of the
people of Rongelap Island were carried out in
>~arch 1959 and March 1960, 5 and 6 years afier

their accidental exposure to fa~lout. During [he ,
1959 survey 76 exposed persons, including their

children, and 166 unexposed Rongelap people,

who served as a comparison population, were ex-

amined. In addition, groups of children at Utirik,

Majuro, and Kwajalein Atolls were examined as
controls for the grow’th and development studies

on the exposed Rongelap children. The 1960 sur-
vey was brief, only the exposed people being

examined.

As a result of their exposure in 1954, many of
the Rongelap people had experienced early symp-
toms related to the gastrointestinal tract and skin.

Later they developed a significant depression of

their peripheral blood elements commensurate
with the calculated dose of gamma radiation (175
r to 64 people and 69 r to 18 people), and beta

burns of the skin along with spotty epilation. In
addition, radiochemical analyses of urine samples

showed that they had acquired’a low-level body
burden of radionuclides. Certain other findings
were possibly related to their radiation exposure,

such as loss in weight of several pounds in most of

the people during the first several months after
exposure and suggesti~e evidence of slight lag in
grov~h and dei,elopment of the children hassed on

studies of height, weight, and bone development
(but inconclusive pe~ding verification of exact
ages of some of the children). DOE ARCHIJ7ES

ln spite of the depression ofhemopoiesis, no
signs’ofradiation illness developed in the people
related to such depression, and no deaths occurred
that could be related to their radiation exposure.
No specific therapy \~as given. Recovery of the

peripheral blood elements, particularly lympho-
cytes and platelets, was very slo~v over the ensuing
years. The beta burns, which appeared about 2
weeks after exposure, were, for the most part,
superficial in nature and healed in se~’eral \veeks,
with only a few lesions showing later persisting
changes. Specific therapy was not necessa~ in
most cases. The hair regre~v normally, beginning
at 3 months after exposure. The internally ab-
sorbed radionuclides caused no know-n acute effects
and were excreted remarkably fast w-ith barely
detectable activi~ being found a year or two later.
On return of the people to Rongelap Island the--
~ery low leyels ofrad-ioactive contamination t-e-
maining there resulted in a rise in their body

burdens of cesium-1 37, zinc-65, and strontium-90.

The 5- and 6-year post-exposure surveys were
aimed primarily at evaluating the general medical
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status of the people in rcla[ion 10 [hat ofthc unex-

posed comparison population, particularly in re-

gard to any possible late developing cf?i.cts ofthcir

:exposure, their hema(ological status, and the in-

fluence of the slightly contaminated environment

on the assimilation, excretion, and body burden of

radionuclides.

Medical Ais(orics of the intervals between the ex-

aminations in 1959 and 1960 were, for the most

part, uneventful and revealed no major epidemics
of disease. Several deaths had occurred and new
birfhs were reported. In the exposed group, two
deaths occurred and in the unexposed group,

three. Two of the latter were due to influenza ac-
quired during an epidemic on Kwajalein.

The four deaths that have occurred in the ex-

posed people since exposure represent a morkli~
rate of 8.1 per 1000 population, compared with 8.3
for the comparison population and 6.8 for the
Marshall Islands as a \vhole. A review of the birth
rutf of the exposed group over the past 6 years

seems to indicate no noticeable effect of their expo-
sure on fertility. The 24 births represent a rate of
48 per 1000 population, compared with 37.3 for
the hfarshall Islands (1957). The 20 births over a

3-year period for the comparison population rep-
resent a rate of 62 per 1000 population. A some-
\vhat greater incidence of miscarriages and sti[!birthi

has been noted in the exposed women, but be-
cause of the paucity of vital statistics in the hfar-

shallese and the small number of people inyolved,
the data are not readily amenable to statistical
analysis.

Ph]sical exarninatiom shoxved the exposed and the
unexposed people to be generally in a state of good
health. No diseases ~-ere noted that could be

directly related to radiation effects. The incidence

of~”arious disorders in both adults and children
\vas about the same in the exposed and unexposed

groups.
In connection with growth and development studier,

a project on the verification of accuracy of ages of
the children has not been completed and, there-

fore, the suggestive evidence previously presented

of possible lag in statural growth in the exposed
children must aw-ait confirmation. It \ras noted,
however, that in the 6-year chronological age
group, three boys and one girl out of five bcy-s and

two girls in the exposed group exhibited signifi-
cantly retarded skeletal maturation as judged by
x-ray examination. The birth dates of these chd-
dren seemed to be fairly well established.

A (~~ditii~~(ul~f Jur/O of the adults showed no

outstanding differences hc[wcen the c~poscrl and

unexposed groups. The people appeared to have

less hypertension on (he whole than is noted in

people in the continental United States.

An arthrifis surzg showed no great differences be-

tween the exposed and the unexposed people, and
about the same incidence as is seen in American
populations.

An ojhtha[mo[ogical surzq showed no remarkable

differences between the exposed and unexposed
groups except possibly a slightly g7eater number

of cases ofp[eqgii, pinguectdae, and cornea] scars

in the exposed group. It is not know whether this
finding is of any significance in relation to their
radiati& expos&e.-Slit-lamp obsemations showed

no opacities of the lens characteristic of radiation
exposure. As a whole, visual and accommodation
levels in the Marshallese appeared to be above the

average in the U.S. population. DOE ARCHIVES
A den~al surv~ sho}ved no significant differences

in either caries rate or incidence of periodontal dis-

ease between exposed and unexposed groups. The
poor oral hygiene generally observed in the Mar-

shallese had its usual results, namely, high caries
rate in teen-age children, severe periodontal lesions
in adults (heavy calculus and loss of alveolar
bone), and edentulous mouths in the aged. Radia-

tion exposure did not appear to have affected de-
veloping dentition in the exposed children.

L.;tr cj[cts of radiation. \’ari&s parameters usually

associated ~~ith aging were measured or estimated

on a O to 4 + scale (skin looseness, elasticity, and
senile changes; greying of the hair and balding;
accommodation, visual acuity, and arcus senilis;
hearing; cardiovascular changes including blood
pressure and degrees of peripheral and retinal

arteriosclerosis; neuromuscular function; and
hand strength). Comparison of these measure-
ments in exposed and unexposed indh-iduals of the

same age groups sho~sed no apparent differences.
A biological age score was calculated for individuals
and groups by use of an average percentage score.

LzJr skorfcnzng effects of radiation have not been

apparent. As noted, the mortality rate \vas about
the same in the exposed as in the unexposed
people.

The one case of cancer that developed in the ex-

posed group occurred at 5 years after exposure,

too soon, it is believed, to bear any particular rela-
tion to radiation exposure. LcuJ.cmia surveys in-
cluding physical findings, studies of white ml]
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counls and types, alkaline phosphataw staining,

and hasophil counts of 4000 \vhite cells sf~oi~cd no

evidence oflcukcmia or leukemic tcnclcncy. Onc

child in t~c irradiated group had 3% basophilsbut

no other positive findings. The carciioz,ascufar and

arthritis surveys, as well as the general results of the
physical examinations, have not shown any ap-

parent increased incidence ofcicgencra~iw discuses

in the exposed people. No radiation -inducd
cataracts have been observed in any of the exposed

people.
Gmctic effects have not been specifically studied

because of the small number of people involved.
No apparent radiation-induced genetic changes

have been detected on routine physical examina-
tion in the first-generation children of exposed

parents.

Hcmatoiogicai surrqs again showed considerable
fluctuation in the year-to-year mean level ofleuko-

cytes in both the exposed and unexposed groups.
The mean ltuko~tc level of the exposed group
showed a marked decrease at the time of the 1960
survey (no unexposed people were examined). The
reasons for these fluctuations are not apparent. At

5 years post exposure, exposed people still had
mean plafe/et levels 10 to 15$% below those of the
unexposed group. However, @mpAocyte levels ap-
peared for the first time to equal those of the un-
exposed group. Mean erythrocytc levels were also
slightly lower in the exposed people. These blood

elements in the Ailingnae gToup also sho~~ed some
slight depression below the unexposed levels but
not quite so marked as seen in the Rongelap ex-

posed group. A general anemic tendency }vas
noted in all the hfarshallese, both exposed and

unexposed. Prlct-jones curz,es, on the a~,erage,
shoi~ed a sligh( microcytic tendency. Strum i~on

levels \xere generally normal. The fact that some

of the blood elements in the exposed group have
not yet returned to the levels in the unexposed
group raises the possibility that a residual radia-
tion eflect on the bone marro~r persists, but other,
not immediately apparent, factors may be in-
volved.

Sludies oJgenetical~ inherit~d characteristics. BIood

grouping studies in the ~farshallcse sho~.cd a rela-
tively high B gene frequency, a high XXgene Ge-

qucncy, an extremely high R’ gene frequency, and
total absence of Ken and Diego factors. These

characteristics differ from those of Pol}-nesians and

suggest relationship with Southeast .4sians and
Indonesians. Hapto.g[obin studies showed the frc-

q“ucncy of the Ilp’ gene t!, be higher than ii

European populations thus far tested and con-
sistent with populations living near the equator.

The distribution ofhaptoglobin types showed the

population to be relatively homogeneous. Tmns-

Jerrins in all sera were type CC, the common Euro-
pean type. /LA mirro-iso-bu~ric acid urinary levels
showed the Marsh allese to be the highest cxcre-

tors of this acid of any population thus far re-
ported. Levels in the exposed group were about
the same as in the unexposed group, and no tmr-
relation was found with body burden level of
radionuclidcs; this indicates that there is probably

no correlation with radiation exposure. Glucose-6-

phosphate dehjdrogenase of the red cells appeared to

be deficient in the Marshallcse. Considerable cau-

tion must be exercised in evaluating the results of
these studies on genetically inherited character-
istics because of the small number of samples

tested. The data do seem to indicate relative
homogeity of the population and C] OSCSI kinship
with people of Southeast Asia. These data also

may be useful as a base line should genetic changes
appear in later generations, possibly related to
radiation exposure.

DOE ARCHIVES
Results of other laboratory studies carried out

during the 5-year survey included the following:
Serum protein levels, as has been noted before, were
generall~- on the high side of normal; the reason
for ~his is not apparent. Complemcnt)xa!ion studies

for parainfluenza 1, 2, and 3, respiratory s~mcitial,

psittacosis, and Qfever shotved antibodies to all
groups of viruses except that for Asian influenza,
i~hich probably had not ~.et seriously involved the

people of the hlarshall Islands. The antibody titers

appeared to be somewhat lower in the exposed
people. Sc,dium Iez,eis in the urine and fbod indicated

about the same consumption of A1aCl as in .4rner-
icans. The generally lower incidence ofhyper-
tension in the hfarshallese might be rela~ed to the
fact that the former native diet was probably lower
in salt content than the present, more westernized

diet. It w-ill be interesting to see \vhcther the inci-
dence of h>-pertension w-ill later increase. Repeat
studies ofp70tein-bound iodine, total iodine, and bu.!anoi-

exfracfablc iodine of the sera sho~ved levels lowtr
than previously reported, and the pre~tious higher
readings are thought to be in error because of con-
taminated gla.ssvare, although some readings were
still some~vhat high. Four cases ofgIruosuria -oei-
ated \vith elevated blood sugar were found in the
unexposed population, \vhich indicated a rather
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high incidcncc of diabetes. Serum assay for ziIamirI
B,, showed generally high Ie\’els; the explanation

was not apparent.

Radionuclidr bob burden c[,aluation in (he Manha]-

lese people has been complicated by several things.

The people were evacuated from their island soon

after the accident and did not return until 3 years

later. During the 5 years since the original con-

taminating event, additional weapons tests held
in the area have contributed to the fission products

in the environment. Finally, since the diet includes

a variety of imported foods, the people are not

living in a “closed” environment, and therefore
may not be rapidly approaching equilibrium with
the environmental fission products, as might be
expected under other circumstances.

Body burdens ofgamma-emitting fission prod-

ucts (such as Cs’37 and Zns5) were measured “ma

whole-body counter and checked by radiochem-

ical analysis of urine specimens. Body burdens of
Sr’O were estimated from urinary excretion as
determined by radioehemical analyses. Both the
external dose measurements on Rongelap Island
and the levels of radioactive isotopes in the food

on the island indicated that some increase in
CS’3’, Zn”, and Sr’O body burdens was to be ex-

pected when the people returned there in 1957.
The CS’37 body burden in 1958 was about 0.68 pC,
about 60 times as great as in 1957, and the urinary
Cs’3’ level rose by a factor of 140; the mean body
burden for 1959 was 0.57 KC. The mean body bur-

den of Zn” estimated from whole-body counting

data was, in 1958, after the return to Rongelap,

0.36 pC, 8 times as high as in 1957, and 0.44 pC
in 1959. Thus, \vhereas the CS’37 levels appear to
have reached a maximum and actually to have
dropped in 1959, the Zn’5 le~els have shown a
continued increase which is probably related to
the long biological half-life of the latter. The SrgO
level in 1958 estimated from excretion data was

2 mpC, about 20 times as high as in 1957 before
the return to Rongelap. The estimated body bur-

den in 1959 increased to 6.0 mpC, about 20% of
the estimated ultimate equilibrium value. Little

of the body burden of the exposed group is ap-

parently due to their initial exposure, since at

present there is little difference between the levels
of the exposed and unexposed populations living

on Rongelap Island. }1’hen these three isotopes
have reached their estimated equilibrium values,
the body burdens w-ill still be of small significance

in terms of radiation hazard.

This s[udy of the internal conlan]ina!ion of the
Nfarshallcsc has provided information (1) on the

movement of Cs’s7, Zne’, and Sr@” from the en-

vironment to man; (2) on the rate of equilibration

of these isotopes with the environment; and (3) on ,

the discrimination factors between food and man.

DOE ARCHIVES
IMPORTANCE OF MEDICAL SURVEYS

The Japanese populations of Hiroshima and

Nagasaki being studied by the Atomic Bomb
Casualty Commission and the Rlarshallcse ppu-
lation of Rongelap comprise the only large groups

of people exposed to acute doses of ionizing radia-
tion. The two studies parallel each other but diffkr
in certain important respects. The smaIler number
of people in the Marshallcse population and the
paucity of vital statistics make statistical analysis

of data on this group much more difficult. How-

ever, the hfarshallese studies have the advantages
that the dose of radiation received by the people
is better known; that the findings during the early,
acute period after exposure are well documented;
and that the people did not suffer from trauma,
thermal burns, or marked psychic disturbance, al-

though they did have the complications of beta
burns and internal absorption ofradionuclides.
Study of both groups has yielded valuable infor-
mation on the acute eflects in human beings of

radiations from atomic bomb detonations. Exam-
inations for the more subtle late effects ofradia-
Iion exposure are now receiving considerable em-

phasis. In the case of the Japanese, increased inci-
dence of leukemia and possibly other maliwancies

as well as cataracts already has been reported. In
\iew of this finding, the next 5 years w-ill be the

critical period for the development of leukemia in
the Nfarshaliese. Animal experimentation has
indicated the possibility that still other late effects
may occur in the human being such as premature
aging, shortening of life span, increase in degener-

ati~-e diseases, genetic changes, etc. Therefore, con-
tinued careful examination of these populations is

extremely important in order that such effects
may be documented, and therapeutic procedures
instituted wherever possible, should such effects

develop. In addition, in the case of the ~larshal-
Iese, continued evaluation is indicated of the in-
fluence of persisting low levels of radioactive mate-
rials on Rongelap .Atoll on the body burdens of
radionuclides of the people living there.
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APPENDIX 1

b

Rongclap Group and Control Mean Blood Grursts by Day and by Age
.

WBC Ncutrophils Lymphocytes Platelets hfonocytcs Eosinophils
(xlO’) (xlO-’) (xlO-’) (xlO”’) (xlO-’) (xlO’)

Male hfalc Female Total
Postcxposure day <5 >5 <5 >5 <5 >5 <10 >10 all ages group <5 >5 <5 >5

3“
7

10
12
15
18
22
26
30
33
39
43
47
51
56
63
70
74

6-mo survey
1-yr survey
2-yr sumey
3-!-r survey
4-Jr survey
$yr survey
6-)r survey
\lajuro controls
Rita controls, 6 ~.
Ri(a con[rols, 1 yr
Rita con[rols, 2 yr
Rongclap controls, 3 yr
Rongelap controls, 4 yr
P.[,ngc]ap controls, 5 yr

9.0 8.2 6.4 4.7
4.9 6.2 — —
6.6 7.1 3.5 4.5
5.9 6.3 3.5 3.9
5.9 65 3.2 4.1
6.7 7.2 3.4 4.7
7.0 7.4 4.3 5.0
5.7 6.1 3.0 3.9
7.6 7.8 4.0 5.3
6.5 6.2 3.1 3.8
5.7 5.5 3.0 3.3
5.2 5.2 2.0 2.6
5.9 5.8 2.6 3.3
6.7 5.6 2.6 3.5
7.0 6.0 3.5 3.5
7.7 6.0 3.9 3.6
?.6 6.5 3.8 4.0
— — — —

8.5 6.6 4.6 4.2
10.1 8.1 4.7 4.8
11.8 8,6 5.9 4.8
8.6 6.9 4.1 3.7
8.9 7.5 3.3 3.4

13.5 9.3 6.9 4.8
— 6.5 — 3.5

13.2 9.7 4.8 4.8
10.7 7.6 5.4 5.2
— — — —

14.0 8.9 7.0 4.4
9.8 6.9 4.0 3.4

11.2 8.0 4.0 3.6
13.7 10.1 6.2 ~,~

1.8 2.2
—.

2.6 2.1
2.1 1.7
2.4 1.9
2.4 2.1
2.6 2.1
2.3 1.8
3.2 2.1
3.2 2.0
2.6 2.0
2.9 23
3.1 2.4
3.4 2.1
3.7 2.4
3.7 2.3
3.3 2.2
——

3.6 2.2
4.6 2.8
4.7 3.1
3.7 2.7
4.6 3.6
6.0 4.0
— 2.7

7.4 4.1
4.7 3.7
— —

5.6 3.6
4.7 2.9
6.2 3.7
6.2 4.1

—
—

28.2
—

27.1
21.8
16.8
13.2
14.1
17.9
25.5
26.8
24.6
22.1

—

23.1
—

26.2
24.4
26.6

30.0
32.0
32.5
32.3

—

41.2
35.0
37.5
35.5
32.6
38.8
35.8

—
—

22.7
—

21.3
19.1
14.6
12.9
12.3
16.6
22.0
20.9
20.6
17.5

—

18.2
—

21.7
20.3
19.5

21.4
22.1
27.1
24.4

—

25.8
27.3
24.5
24.2
26.9
30.7
28.0

—
—

24.9
—

21.7
21.8
15.2
10.9
11.8
15.1
22.4
23.2
23.9
21.2

—

20.2
—

24.7
23.2
27.6

25.5
28.1
30.8
27.6

—

36.5
30.9
29.4*
31.2
30.0
34.0
33.6

—
—

24.8
—

22.5
21.0
15.3
11.9
12.3
16.0
22.8
23.2
23.1
20.3

—

20.1
—

24.1
22.6
24.9

24.7
—
—
—
—

33.4
30.4
27.6
29.5

—
—
—

0.8 0.3
——

2.9 1.7
4.2 5.4
3.0 2.3
2.7 1.7
1.9 2.0
1.9 1.6
13 0.9
1.7 1.6
0.9 0.9
1.1 1.1
1.0 1.0
2.5 1.6
1.7 1.2
0.5 0.9
— —
——

1.4 1.1
0.7 1.3

2.7 1.5
1.2 0.7
1.5 1.1
2.7 2.0
— 0.6

2.0 2.0
1.9 1.7
— —

1.4 1.5
1.4 0.7
?.3 1.1
3.7 2.4

0.1 0.7
——

1.6 1.6
1:9 1.9
1.1 1.3
3.5 1.6
2.3 1.8
1.8 13
3.4 2.2
2.6 2.2
0.5 1.0
1.4 0.8
1.1 0.5
0.8 0.7
——

0.3 0.6
3.4 1.9
——

2.5 1.6
6.7 2.8

9.6 5.3
6.4 45
7.9 4.0
7.0 5.0
— 2.7

9.5 4.7
4.2 4.8
——

12.8 6.6
6.2 4.0
7.0 4.5
6.2 6.0

●E~cluding pregnancy. DOE ARCHIVES
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2.8 2.2
. —

1.9 2.2
3.1 2.2
4.2 2.2
3.5 2.4
2.7 2.9
3.2 2.2
3.7 2.0
3.5 2.2
4.7 1.9
3.9 2.7
3.4 2.7
4.0 2.2
3.2 2.5
2.7 2.2
6.5 5.6
4.8 3.2
5.6 2.6
7.0 3.3
— 3.7
— 3.0
7.4 4.1
5.6 3.6
4.7 2.9
6.2 3.7
6.2 4,1

Ailingnac Group and Control Mean Blood Counts by Day and by Age DOE ARCHIVES

\$’BC Nrsstrophils Lymphmyt=
(xlO-’)

Platclctx
(xlO-’) (xlO-’)

hkmmcytea Eos.inophih
(xlO-’) (xlO-’) (x IO-’)

poslexposure day
Male

<5 >5 <5 >5
Male Female Total

<5 >5 <10 >10 all ages group <5 >5
<5 >5

3 6.0 7.o 3.0 5.0
7 5.5 6.8 — _

10 6.3 7.3 4.2 4.2
12 6.3 7.6
15

1.8 4.7
7.1 7.() 2.3 4.5

18 6.8 7.8 2.9 5.0
22 8.9 8.7 5.3 5.4
26 8.4 7.0
30

4.8 4.4
9.6 8.6

33
5.3 6.2

7.7 7.8
39

3.3 5.2
7.5 6.2

43
2.9 4.2

6.9 6.5
47

2.7 3.6
7.3 6.7

51
3.5 3.8

8.4 6.3 3.8 3.6
54 4.6 6.3

6-ITSO sumey
2.8 3.5

7.7 6.5
1-yr suwey

4.8 3.9

2-yr survey
11.1 7.8 4.2 4.7
11.0 9.1

3-yr suney
4.9 5.1

12.1 7.0
4-yr survey

5.5 3.9
11.5 7.5

5-yr survey
2.8 3.7

6-yr sumey
— 9.7 — 5.1

7.3 —
~fajuro controk

3.6
13.2 9.7

Rita controls, 2 yr
4.8 4.8

14.1 8.9
Rongelap contro]s, 3 Yr

7.0 4.4
9.8 6.9

ROngelap controls, 4 ~
4.0 3.4

ROngclaP con[rols, ~ ~r
11.2 8.(I 4.0 3.6
13.7 10.1 6.2 5.2

62

—
—

22.5
—

29.0
27.5
23.5
20.0
19.5
24.0
26.5
28.0
27.0
32.0
37.0

25.2
38.7
51.2
40.8
33.2
40.9

41.2
35.5
32.6
38.8
35.8

—
—

22.6
—

20.2
21.7
17.0
13.8
12.8
15.8
20.8
19.6
20.0
18.2
19.8

19.2
21.4
17.4
22.4
24.7
26.3

25.8
24.2
26.9
30.7
28.0

—
—

20.9
—

24.6
24.9
22.9
17.4
18.2
22.7
27.0
25.3
26.1
25.0
?3.8

?3.9
28.3
26.4
31.2
33.6
26.8

—

36.5
31.2
30.0
34.0
33.6

—
—

215
—

23.9
24.3
21.3
16.7
16.8
17.6
25.2
24.0
24.5
23.9
24.2

22.7
27.5
26.7

—
—
—
—

33.4
29.5

—
—
—

0.8 1.6
—_

3.8 2. I
3.4 5.8
3.7 2.6
2.3 1.5
1.5 2.4
2.3 2.4
1.9 1.9
2.8 2.2
1.1 1.7
0.6 1.4
2.2 1.9
2.7 2.8
1.5 1.9

1.1 1.4
1.0 1.1
3.6 1.4
3.0 0.7
2.2 1.1
— 3.2
— 0.6

2.0. 2.0
1.4 1.5
I .4 0.7
2.3 1.1
3.7 2.4

—. —— ______ _ —— ... _____ -— —-— --—.- ___ -_

05 0.4
—_

2.6 1.6
4.4 2,6
2.3 1.4
3.2 2.3
5.8 2.4
0.6 1.6
4.1 2.0
6.0 1.9
2.7 1.6
2.8 0.6
1.5 0.7
2.2 1.0
1.8 0.8

1.5 2.2
1.7 2.2
9.6 6.4
5.3 3.7

12.6 4.2
— 6.0

4.0

9.5 4.7
12.8 6.6
6.2 4.0
7.0 4.5
6.2 6,0
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b’ APPENDIx 3

Hematologiml Findings, ]959 DOE ARCFIIWX
Subject Age WBC Neut. Lymph. F,osin.

No. Base.
and Sex Mono. Plate. RBC(x IO-’) (x IO-’) (x IO-’) (x IO-’) (x IO-S) (x1O”’) (x1O”’) (x IO-’) % Retie. Hgb., g ~x%”~

59 F
6M
6M

43 M
6M
6M

41 M
27 M
29 M
55 M
23 F
63 F
30 F
IIF
44 M

8F
26 F
10M
12M
8F

22 F
9M

18F
17M
31 M
73 F
70 M
64 F

8M
7F

50 F
18M
12M
25 M
20 F
34 M
49 M

8F
71 F

9M
37 F

81 M
13M
llF
20 F
39 M
61 F
13F

. 6.9
7.3
8.6
8.4

10.4
9.0
6.0
9.6
8.4
7.5
9.2
8.6
6.0
8.3
7.1
8.5

10.3
8.8
8.4

10.3
8.9

11.2

11.9

11.3

15.7

15.0

9.0

7.7

8.8

13.2

5.6
11.1

7.0

10.7

12.4

12.4

7.5

14.0

11.1

12.0

8.5

7.8

10.8

13.1

16.7

9.2

10.3

10.4

2.8
2.4
3.4
3.6
5.7
2.5
1.3
5.5
4.8
3.6
4.3
4.1
4.2
3.2
3.0
3.1
7.2
5.5
4.5
2.8
4.3
4.4
6.8
5.6
8.2
9.9
5.6
5.1
3.6
4.5
2.2
7’.6
3.4
4.4
8.3
6.3
4.8
5.4
4.7
6.1
4.0
4.8
5.8
8.1

11.9
5.4
5.5
6.0

Rongclap and Ailingnac Exposed Population

4.0
3.9
4.9
4.6
3.9
5. I
4.3
3.7
3.1
3.6
4.4
3.9
1.6
4.1
3.5
4.5
2.4
2.5
3.2
6.6
3.5
5.8
4.4
4.7
6.3
4.4
2.5
2.4
4.3
7.2
3.2
3.0
3.6
6.1
2.4
5.0
2.8
6.6
3.1
4.9
2.7
2.0
4.8
4.4
3.8
2.9
4.3
4.1

0.2
0.7
0.3
0.2
0.5
1.1
0.2
0.15
0.5
0.2
0.2
0.5
0.2
0.6
0.4
0.8
0.3
0.8
0.6
0.7
0.3
0.8
0.4
0.7
0.8
0.6
0.55
0.2
0.8
1.2
0.1
0.4
0.3
0.2
0.7
0.5
0.8
1,8
0

1.3
0.8
0.5
0.05
0.2
0.9
0.3
0.9
0.3

I*
2
3
4
5
6*
7
9

10
11
12
13
14
15
16*
17
18
19
20
21
22
23
24
26
27
28*
29*
30
32
33
34
35
36
37
39
40
41”
4CJ

43*
44*
45”
46
47
48*
49
50”
52
53*

“Ailingnae exposed.

o
0
0

0.05
0.1
0.2
0.1
0.15

0
0.05
0
0
0
0

0.1
0

0.05
0.2
0.1
0.05
0.1

0
0

0.05
0.1

0
0
0
0
0

0.1
0
0
0

0.1
0
0

0.05
0
0

0.15
0.1

0
0.1

0
0

0.05
0.05

0
0.2

0
0.1
0.1
0.1
0.1

0.1
0

0.1
0.3
0.1

0
0.4
0.2
0.1
0.4
0.1
0.05
0.2
0.5
0.1
0.15
0.15
0.25
0.05
0.3

0
0.1
0.3
0.15
0.1
0.1

0
1.0
0.6
0.05
0.2
0.7
0.3
0.4
0.5
0.2
0.3
0.2
0.6
0.05
0.05

275.5
255.0
240.0
277.5
307.5
397.5
207.5
192.5
200.0
257B
260.0
310.0
200.0
410.0
235.0
205.0
280.0
317.5
335.0
315,0
292.5
312.5
235.0
522.5
245.0
250.0
337.5
245.0
540.0
375.0

—

207.0
307.5
211.0
285.0
317.5
197.5
325.0
230.0
420.0
230.0
210.0
325.0
312.5
285.0
280.0
340.0
330.0

4.35
4.14
4.30
5.08
4.37
4.11
4.40
4.74
5.47
4.48
3.89
3.95
3.11
4.48
5.96
4.44
4.43
5.51
4.79
4.55
4.04
4.74
4.67
5.02
4.18
4.60
4.53
4.06
3.70
4.18
4.00
4.76
4.62
5.50
3.88
4.72
4.91
4.15
3.98
4.81
3.86
3.94
4.06
4.19
3.45
5.21
4.50
4.48

0
0.2
0.1
0.8

0
0. I

o
0

1.0
0.4

0
0.4

0
0.2

0
0

0.3
0.1

0
0
0

0.3
0
0

0.2
0.4
0.4

0
0

0.1
0
0

0.2
0
0

0.4
0.3

0
0.4

0
0

0.6
0.1

0
0.4
0.5

0
0.1

13.9
12.5
11.7
15.0
11.6
12.5
14.6
15.1
15.0
14.1
12.7
12.9
12.9
11.9
15.4
12.4
12.0
12.5
12.8
12.7
12.2

12.2
13.9
12.8
14.7
14.3
14.1
12.4
12.9
12.4
10.0
15.4
12.3
17.0
12.2
14.2
15.6
13.2
11.6
12.0
12.7
13.0
12.7
12.7
11.0
16.6
13.7
13.0

32.0
30.0
27.0
30.0
26.5
30.5
33.0
32.0
27.0
31.0
32.5
32.5
41.5
26.5
26.0
28.0
27.0
22.5
27.0
28.0
30.0
26.0
30.0
25.5
35.0
29.0
31.0
30.5
35.0
30.0
25.0
33.0
27.0
31.0
31.0
30.0
32.0
32.0
29.0
25.0
33.0
33.0
31.0
30.0
32.0
32!.0
30.0
29.0

63
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Subjec: Agc \t’Bc ?feul. Lymph. E.osin. Base. hfmo. Plate. RBC MCH, g
No, ● and Sex (x IO’) (x1 O”’) (x IO-’) (xIO ‘) (x1O ‘) (x1O ‘) (x1O ‘) (xlo-’) ~ Relic. Hgb., g (Xlo “)

54 6M
55 80 M
56 76 F
57 I05F
58 64 F
59* 39 F
60 “61F
61 13F
62 62 F
63 41 F
64 35 F
65 6F
66 35 F
68 50 M
69 9F
709 22 F
71 33 F
72 llF
73 23 M
75 17F
76 16M
77 31 M
78 42 F
79 44 M
80 51 M
81* 13F
82 55 M

9.6
9.3
7.7
5.4
7.6

12.4
15.0
9.0

10.3
10.0
8.8

10.4
8.9
5.9

11.0
7.5

10.3
10.4
8.7
8.7
6.4
7.8
8.6

13.7
10.6
6.3
8.7

3.1
4.7
4.4
2.3
4.1
4.0
7.5
4.4
9.2
5.6
2.3
4.5
4.6
1.9
4.3
4.9
4.9
5.6
4.9
4.6
1.8
4.4
4.5
9.2
6.0
1,9
4.0

Rongelap and Ailingnae Exposed Population (continued)

83 5M 10.8 4.9
84* 5 M 12.2 6.0
85 4M 14.0 6.6
86 4F 17.6 12.1
87 4F 11.1 5.9
88 3M 12.6 4.4
89 3M 11.9 3.6
90 3 M 18.4 13.0
91 4M 14.8 9.0
92 3F 14.9 10.3
93 2M 18.0 13.5
94 2F 8.9 4.4
95 3F 14.4 4.6
96 lF 12.4 3.9
97 lM 11.8 5.3
98 IM 135 5.1

100 lF 14.7 7.9
108 lF 13.2 1.7

—

5.8
3.9
2.7
2.9
3.3
6.0
5.7
4.5
0.5
3.4
6.1
4.9
4.0
3.8
5.8
1.9
4.7
4.3
2.4
3.4
4.3
2.2
3.2
4.1
3.9
3.5
3.9

0.7
0.6
0.3

0
0.2
1.4
1.3
0.1
0.5
0.8
0.1
0.4
0.25
0.1
0.8
0.15
0.5
0.5
0.3
0.5
0.15
0.5
0.3
0.1
0.5
0.55
0.75

0
0

0.1
0
0

0.05
0
0
0

0.1
0

0. I
0.05

0
0

0.05
0
0

0.2
0
0

0.1
0
0
0

0.1
0.1

0.1
0.1
0.2
0.2
0.2
0.5
0.5

0
0.1
0.1
0.3
0.5
0.25
0.1
0.1
0.1

0
0

0.2
0.2
0.1
0.6
0.5
0.3
0.1
0.3
0.1

290.0
150.0
415.0
170.0
162.5
255.0
270.0
255.0

536.0
180.0
220.0
305.0
280.0

—

362.0
242.5
260.0
337.5

—
—

215.0
205.0
295.0
147.5
338.0
302.5
237.5

4.30
3.56
4.41
4.26
3.89
3.88
4.08
4.98
4.60
4.19
4.00
4.16
4.18
5.10
4.06
4.66
4.76
4.58
4.50
4.41
5.03
5.29
4.29
4.57
5.22
4.86
4.01

0 11.8
0 11.6

0.6 11.6
0.4 10.7
0.6 13.8

0 13.0
0 12.5

1.0 12.5

0 11.3
0 12.9
0 12.9

0.4 12.3
0.2 13.1

0 14.5
0.2 I 2.0

0 13.5
0 15.3

0.2 12.2
0 12.5
0 12.0
0 14.1

0.4 16.7
0 13.5
0 15.3

0.6 15.4
0.3 14.2
0.2 13.7

27.5
32.5
26.0
25.0
35.5
33.5
30.5
25.0
27.0
31.0
32.0
29.5
31.0
28.5
29.0
29.0
32.0
27.0
28.0
27.0
28.0
31.0
31.0
33.5
29.5
29.0
34.0

None~posed Children of Exposed Parents

4.9 0.7 o 0.3
4.8 1.1 0 0.2
6.0 1.1 0.1 0.1
3.2 1.4 0.2 0.7
4.3 0.7 0 0.2
7.1 0.9 0 0.2
6.7 1.2 0 0.5
4.8 0.6 0 0
4.7 1.0 0 0
4.6 0 0 0
4.3 0.2 0 0
3.6 0.3 0.1 0.5
9.6 0.1 0 0
8.0 0 0 0.6
5.2 0.5 0.1 0.5
5.9 1.2 0.3 1.1
5.0 1.3 0.1 0.4

11.3 0.1 0 0

355.0
400.0
430.0
490.0
452.0
475.0
315.0

—
320.0

—
330.0

—
690.0
470.0
550.0
370.0
460.0

—

Roneelap Conmol Po~ula~ion

.

4.49
4.22
4.75
4.69
4.60
4.46
4.49
3.92
4.02
4.80
4.18
4.53
3.96
4.54
5.04
4.80
4.17
3.99

0.2 13.2 29.2
0.4 11.8 28.0

0 13.2 28.0
0.2 12.5 26.5

0.9 14.0 29.o

0 12.8 28.5
0 12.5 28.0
0 10.5 27.0

0.4 11.7 29.0
0 10.5 22.0

0.2 10.6 25.5
0.4 13.0 28.5

0 11.7 29.5
0 10.9 24.0
0 10.5 21.0

0.2 10.9 22.5
0 10.8 26.0
0 9.5 24.0

801 3M 14.4 5.3 8.8 0.4 0.1 0 144.0 4.49 0.2 12.5 28.0
802 4M 11.0 4.7 5.3 0.3 0 0.7 110.0 4.91 0 12.2 25.0

“.Ailingnae exposed

qb
.—
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I{cma(ol(,qical Findings, 1959 Y ;

Subjcci Age M’13C Y, cut. Lymph. Eosin. R&so. hfono. Plate. RBC !il(;H, g
No. and Sci (X103) (x1 O’) (x1 O’) (x IO-’) (x IOJ) (x IOS) (x1 O’) (x1 O’) %Rctic. Hgb., g (xIO “)

803
805
806
807
808
809
810
811
812
813
814
815
816
818
819
820
821
822
823
825
826
827
828
829

830
831
832
833
834
835
836
838
839
840
841
842
843
844
845
846
849
850
851
852
853
854
855
856
858
859
860
861
862
863
864

3h4
5F
4M
5M
4F
3M
4F
5F
5F
5M
7M
8M
9F
8M

IOM
10M
10F
13M
15M
17F
22 F
19M
19M
20 F
20 M
19M
21 F
26 M
25 M
25 F
26 M
27 M
31 F
29 M
26 F
35 M
30 F
40 F
29 M
36 F
40 M
48 M
50 F
55 F
54 M
54 F
54 M
60 M
64 F
66 F
69 M
69 F
85 M

9M
33 M

13.9
15.5
11.1
20.2
12.7
11.8

“ 9.0
12.6
14.7
10.6
11.1
8.7

11.8
12.3
6.4

12.2
9.1
9.6

10.4
10.8
10.5
4.5

11.5
7.3
7.4
8.0

10.8
7.9

10.1
10.1
9.5

10.2
11.7
9.6

11.2
10.6
10.2
9.7
8.4

12.1
11.9
11.8
8.8

J0.9
7.6

10.1
8.9
6.8
6.6
9.3
8.5
8.3
8.0

10.3
9.7

8.5
7.9
4.3

11.3
6.6
5.1
3.5
6.8
4.6
4.1
6.3
4.2
5.2
7.6
2.5
5.6
2.5
4.1
5.7
6.0
7.4
2.5
2.3
4.7
3.6
3.6
7.7
3.2
5.9
5.7
4.9
3.4
7.3
3.9
6.2
5.9
6.8
5.7
3.3
8.5
4.9
7.3
4.6
4.9
3.4
6.8
5.5
3.5
3.6
4.4
3.5
4.7
4.0
4.0
4.6

Rongelap Control Popula~ion (continued)

5.0
4.8
5.4
7.3
5.0
5.3
4.9
4.3
6.2
5.8
4.4
3.7
5.7
3.7
3.7
4.0
6.0
4.9
4.1
4.6
2.6
1.6
9.0
2.6
3.2
3.4
2.6
4.0
2.7
3.2.
4.5
6.0
3.9
4.7
3.6
4.0
2.7
3.5
4.4
2.9
6.0
4.4
3.5
5.3
3.2
2.9
2.4
2.7
3.0
4.5
4.1
3.1
3.5
5.3
4.5

0.1
2.8
0.8
1.0
0.9
1.2
0.3
1.3
3.1
0.7
0.15
0.7
0.6
0.6
0.6
2.3
0.2
0.5
0.6

0
0.3
0.2
0.1

0
0.4
0.7
0.3
0.3
1.0
0.7
0.2
0.2
0.2
0.3

0
0.1
0.6
0.1
0.5
0.6
0.7

0
0.4
0.5
0.5
0.3
0.5
0.3
0.1
0.3
0.3
0.2
0.6
0.7
0.7

0
0

0.2
0
0
0

0.1
0.2

0
0.05
0.05
0.1

0
0

0.1
0
0
0
0
0
0

0.04
0.1

0
0

0.1
0

0.1
0

0.1
0
0
0

0.05
0.1
0.3
0.1

0
0.1

0
0.1

0
0.1

0
0
0

0.1
0.1

0
0

0.2
0
0
0

0.1

0.3
0

0.3
0.6
0.3
0.2
0.8
0.05
0.9
0.2
0.05
0.1
0.1
0.15
0.1
0.2
0.3
0.05

0
0.1
0.1
0.1

0
0

0.1
0.4
0.15

0
0.4
0.3

0
0.5
0.2
0.5
0.5
0.3
0.05
0.3
0.2
0.1
0.3
0.1
0.2
0.3
0.4
0.1
0.4
0.2

0
0.2
0.4
0.4

0
0

0.2

139.0
397.0
450.0

—

535.0
600.0
340.0
412.0
295.0
395.0
350.0
205.0
358.0
575.0
195.0
412.0
255.0
220.0
272.0
410.0

—
—

289.0
205.0
283.0
252.0
270.0
325.0
303.0
337.0
280.0
225.0
392.0
253.0
230.0
272.0
280.0
250.0
257.0
265.0
310.0
255.0
280.0
278.0
205.0
372.0
230.0
255.0
295.0
395.0
262.0
205.0
260.0
345.0
I 70.0

4.61
5.52
4.55
3.64
4.84
3.95
4.44
4.11
4.53
4.45
4.25
4.05
4.24
4.79
4.11
4.63
4.47
4.55
451
4.76
4.10
4.55
5.10
4.00
4.93
5.10
4.03
5.61
5.06
4.29
5.4il
4.75
4.24
5.76
4.40
5.47
3.60
451
5.00
3.78
5.42
4.87
4.07
4.38
4.73
4.73
4.25
4.48
4.30
4.12
3.89
4.41
4.32
4.88
5.05

DOE ARC:iWES

0.1
0.8
0.2

0
0.1

0
0.6
0.4

0
0
0

0.2
0.1
0.4
0.6

0
0.1

0
0

0.5
0
0

0.2
0

0.2
0.3
0.2
0.8
0.1

0
0.1
0.2
0.6
1.4
0

0.5
0.2
0.5

0
0

1.0
0

0.2
0.2

0
0.1

0
0.4
0.8
0.2
0.1

0
1.0
0.6
0.6

13.6
12.0
11.8
10.0
13.2
125
12.2
11.9
12.7
12.0
13.0
11.4
11.4
13.2
12.1
12.4
11.9
14.8
12.5
13.2
10.0
12.5
15.8
11.9
15.8
16.8
10.8
15.4
14.8
13.6
16.2
16.8
11.7
15.2
12.6
18.2
11.9
12.5
14.1
11.6
16.8
15.4
13.1
12.1
15.2
13.6
14.2
13.8
12.9
12.6
11.9
13.0
14.2
13.7
16.0

29.5
21.5
26.0
27.5
27.0
31.5
27.5
29.0
28.0
27.0
30.5
28.0
27.0
27.5
29.5
27.0
26.5
32.5
27.5
27.5
24.5
27.5
31.0
30.0
32.0
33.0
27.0
27.5
29.0
31.5
30.0
35.5
27.5
26.5
28.5
33.0
33.0
28.0
28.0
30.5
31.0
31.5
32.0
27.5
32.0
29.0
33.5
31.0
30.0
30.5
30.5
29.5
33.0
27.0
31.0

ql
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Hcmatot,,gical F,,)~in~, ]959

Subject: Age WBC Ncut. Lymph. Eosin. Base. hfono. Plalc. RBC hlCH, g
No. and!%x (x IO-’) (x IO-l) (x1O ‘) (xIO ‘) (X IO-’) (x IO-’) (x IO-’) (x IO-*) 7oRctic. Hgb., g (x 10-”)

865
866
867
868
869
870
871
872
873
874
875
876
878
880
881
882
884
886
887
889
891
892
893
894
895
896
898
899
900
901
902
903
904
905
906
908
911
912

913
914
916
921
922

923
925
926
927
928
930
932
933
934
935
939
940

26 F
4F

31 F
36 M
13M

. 3M
46 F
16M
40M
13M
42 M
20 F
59 M
27 M
26 M
47 M
64M
50 M
14M
34 F
llF
IIM
41 F
62 F
29 F
18F
61 F
65 M

2F
2F
2F
lF
lM
2M
2F

69 F
6F
6 M
8M

24 F
35 F

5M
35 F

4F
7F
8F

64M
46 F

3F
24 F
55 M
24 F
61 M
IIM
9M

8.3
10.7
10.7
6.9

11.1
16.2
10.0
9.1
9.4
9.5
7.0
7.9
7.9

11.6
11.7
9.0
9.3

12.3
10.5

7.3
9.5
9.2
6.3

10.8
14.7
12.8
8.9
6.5

18.4
16.7
18.5
11,7
12.5
15.3
13.3
8.0
8.0

13.5
14.3
6.8

11.4
38.5

8.8
13.9
12.4
9.9
8.4
7.7

14.2
9.8
8.6

12.8
8.7
7.9

16.2

4.1
3.9
4.1
3.1
4.9
5.2
6.2
4.4
6.4
5.8
3.5
4.3
3.8
7.1
6.0
4.3
5.4
6.3
6.9
3.9
4.5
4.5
2.9
8.7
7.9
7.9
2.2
3.3
9.1
7.0
7.4
5.4
6.0

10.3
5.2
4.2
3.8
7.3
9.9
3.8
6.9

19.2
6.5
8.0
6.7
3.3
4.7
3.0
6.7
6.0
4.6
9.2
5.1
4.0
6.3

Rongclap Control Population (continued)

3.5
6.0
5.7
3.0
4.3
8.3
3.3
3.9
2.6
3.2
3.0
3.5
3.1
4.2
4.5
4.3
3.3
4.9
3.4
2.2
4.1
4.2
2.9
1.5
5.3
5.7
5.4
2.9
6.0
9.1

10.1
5.5
5.2
4.1
7.6
3.5
3.5
5.6
2.3
2.4
3.9
8.5
1.9
4.3
5.0
6.0
3.0
4.1
7.1
3.7
3.0
2.9
2.5
3.3
8.3

0.7
0.5
0.8
0.7
1.0
2.7
0.2
0.3

0
0.3
0.1

0
0.5
0.2
1.2
0.3
0.6
1.1
0.1
0.8
0.9
0.4
0.3
0.4
1.0
0

1.1
0.3
2.0
0.3
0.4
0.5
0.5
0.3
0.4
0.1
0.1
0.5
0.6
0.4
0.1

10.0
0.1
1.0
0.5
0.4
0.5
0.2
0.4
0.1
0.9
0.1
0.5
0.6
0.2

0.1
0

0.1
0
0
0
0
0
0
0
0
0
0
0
0

0.1
0
0

0.1
0
0
0

0.1
0.1

0
0

0.1
0

0.4
0
0

0.2
0.1
0.5

0
0.1
0.1

0
0.1

0
0.1
0.4

0
0

0.1
0.1
0.1
0.1

0
0
0
0
0
0

0.3

0
0.3
0.1
0.1
0.9

0
0.3
0.5
0.4
0.2
0.3
0.2
0.5
0.1
0.1
0.2
0.1

0
0.1
0.4

0
0.2
0.1
0.1
0.4
0.3
0.2
0.1
0.5
0.3
0.6
0.1
0.7
0.2
0.1
0.1
0.6
0.1
1.4
0.3
0.3
0.4
0.4
0.6
0.1
0.1
0.1
0.3

0
0

0.1
0.5
0.7

0
1.1

465.0
250.0
340.0
263.0
435.0
375.0
305.0
190.0
285.0
300.0
240.0
360.0
200.0
220.0
205.0
245.0
353.0
309.0
590.0
225.0
380.0
310.0
228.0
285.0
485.0
320.0
236.0
470.0
470.0
470.0
292.0
420.0
380.0
615.0
473.0
290.0
325.0
410.0
37!5.0
305.0
220.0
207.0
335.0
462.0
340.0
3M.O
210.0
375.0
442.0
300.0
205.0
210.0
250.0
390.0
390.0

DOE ARCHIVES

4.53
5.16
5.07
5.19
4.86
4.84
4.29
4.44
4.45
4.54
5.42
4.20
4.76
5.25
4.96
4.87
3.82
4.46
4.46
4.40
4.62
4.45
4.16
4.35
5.07
4.06
3.96
5.20
4.60
5.07
4.48
4.66
4.53
6.13
4.65
4.03
3.92
4.62
5.12
4.77
4.01
4.68
4.27
4.69
4.92
4.22
4.28
3.66
4.65
4.27
4.83
4.56
442
4.12
5.02

0
0.4
0.1

0
0.6
0.6
1.0
0.8
0.1

0
0.6
0.1
1.0
0.4
0.8
0.3
0.2
1.4
0.2

0
0.6

0
0.6

0
0
0

0.3
0.4

0
0

0.3
0

0.3
0.1
0.1
0.6
0.1
0.6
0.1

0
0.8
0.2
0.4
0.4
0.4
0.8
0.4
0.2
0.2
0.2

0
1.2

1.0
0.1
0.3

15.1
11.7
15.0
15.8
14.2
13.2
12.7
13.6
13.4
13.0
17.7
13.6
12.6
16.0
16.7
14.8
15.4
15.0
12.9
13.8
14.9
14.0
12.8
14.8
15.4
13.6
14.2
13.8
10.6
11.2
9.8
7.7

12.2
12.9
12.2
13.4
11.4
11.3
12.7
13.4
12.2
13.5
11.9
11.5
11.6
13.0
15.4
12.3
11.3
11.1
16.2
13.1

15.0
13.6
13.4

33.0
22.5
29.5
30.5
29.0
27.0
29.5
30.5
30.0
28.5
32.5
32.5
26.5
30.5
33.5
30.5
40.5
33.5
29.0
31.5
32.0
31.5
31.0
34.0
30.5
33.5
36.0
26.5
?3.0
22.0
22.0
16.5
27.0
21.0
26.0
33.0
~g.o

24.5
25.0
28.0
30.5
29.0
28.0
24.5
23.5
31.0
36.0
33.5
24.5
26.0
33.5
28.5

34.0
33.0
26.5
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llcma[r,l{,gir~l FlndinSm, 1b59 I

Subject Age \$rBC A’Cut. Lymph. Eosin. Bmo. hlrmo. Plate. RBC hfCH, g
No. and Sdx (x1O ‘) (x IO-’) (x IO-~) (x1 O’) (x1 O’) (x1O ‘) (x1O ‘) (x IO-) % Retie. l+gb., g (x IO-”)

944
946
947
952
953
955
956
958
959
960
963
966
967
968
969
971
973
976
977
978
979
980
989
991
992
993
996

1005
1007

34 M 10.0
9F 10.3

51 M 12.0
4M 13.9

44 M 9.7
6F 7.8

50 F ‘ 9.1
27 M 12.4
llF 11.5
9F 10.3

41 M 9.6
27 M 7.2
15 M 13.6
57 F 7.5
41 M 11.2
15M 8.2
50 M 6.4
12M 11.0
13F 9.4
8F 7.3
3F 9.8
6F 13.0

llM 10.6
51 F 7.6

2F 9.7
12F 10.6
7F 11.3

26 M .. 8.5
48 M ‘ ‘“ 8.8

4.4
2.1
7.3
5.9
4.5
4.1
4.9
7.5
5.8
4.8
5.2
3.8
7.2
2.3
5.3
3.9
3.4
6.0
3.7
2.0
3.5
7.4
5.1
5.0
3.2
5.6
3.9
4.6
5.9

Rongelap Control Population (continued)

4.5
7.6
4.2
6.7
4.8
3.2
3.8
3.7
4.0
4.3
2.3
3.3
6.3
5.0
5.2
4.1
2.6
4.6
5.5
3.5
5.4
4.8
4.5
2.7
5.7
4.4
5.7
3.2
2.7
——

0.7
0.3
0.1
0.7
0.3
0.1

0
1.0
0.5
0.5
0.4
0

0.1
0.2
0.3
0.2
0.2
0.2
0.1
0.8
0.7
0.5
0.9

0
0.6
0.4
1.2
0.3
0.1

0
0.2

0
0.1

0
0
0

0.1
0

0.3
0.2
0.1

0
0

0.1
0

0.1
0
0

0.3
0
0
0
0

0.1
0

0.2
0.2
0

0.4
0.1

0
0.6
0.2
0.4
0.3
0.1
0.1
0.3
0.9
0.1

0
0.1
0.3
0.1
0.1
0.2
0.2
0.6
0.2
0.4
0.1
0.1
0.2
0.2
0.2
0.3
0.1

175.0
290.0
300.0
540.0
305.0
370.0
305.0
235.0
340.0
350.0
225.0
170.0
330.0
163.0
390.0
385.0
310.0
400.0
325.0
380.0
295.0
315.0
345.0
178.0
630.0
245.0
410.0
200.0
190.0

5.87
4.84
4.40
4.51
5.15
4.24
4.34
4.66
4.16
4.38
5.03
4.81
5.03
4.23
4.74
4.75
4.99
4.61
4.76
4.62
4.62
4.70
5.17
5.08
4.97
5.25
4.16
5.84
4.87

DOE ARCHIVES

o
0.6
0.1

0
0.6

0
0.8
0.2

0
0.2
0.1

0
0.1
1.2
0.4
0.2
0.3
0.1
0.7
0.1
0.6
0.1
0.6
0.2

0
1.2
0.1
1.0
0.8

15.0
12.6
13.6
12.1
16.0
12.2
13.4
13.4
12.2
12.3
15.4
15.4
14.5
—

10.1
13.6
16.7
12.8
14.2
13.1
12.0
13.1
14.0
15.7
8.6

13.8
11.3
17.7
12.2

25.5
26.0
31.0
27.0
31.0
29.0
31.0
29.5
29.5
28.0
30.5
32.0
29.0

.
21.5
28.5
33.5
28.0
30.0
28.5
26.0
28.0
27.0
31.0
17.5
26.0
27.0
30.5
25.0

73
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APPENDIX 4

b

Hema~.l+al Findings, ]960, on Rcmgclap and Ailing... E.posed Population DOE ARC~IVES

Subject Age WBC Ncut. Lymph. hfono.
No. and !% (xlO-’) (xlO-’) (x IO-’) ~~o:) ( ;~.;, (x 10-’)

I*
2
3
4
5
6*
7
8“

10
11
12
13
14
15
16*
17
18
19
20
21
22
23
24
26
27
28*
30
32
33
35
36
39
40
41*
4?

43*
44 ●

46
47
48*
49
51”
52

53*
54
55
56
57
58
59*
60

60F
7M
7M

44 M
7M
7M

42 M
6F

30 M
56 M
24 F
64 F
31 F
12F
45 M

9F
27 F
lIM
13M
9F

23 F
10 M
19F
18M
32 hf
74 F
65 F

9M
8F

19M
13Nf
21 F
35 hl
50>1

9F
72 F
lo\l
82 ~f

14 xl
12F

21 F

30 F
62 F
14 F

7>1

81 hl

77 F

I06F

65 F
40 F
62 F

6.0
6.3
5.1
6.1
6.1
9.6
5.5
8.7
5.6
5.0
7.3
4.6
6.2
7.4
9.1
6.7
5.9
4.5
6.4
6.0
7.5
7.2
4.6

11.7
6.7

10.0
5.5
5.7
6.5
5.1
6.8
4.9
7.9
9.4
8.1
5.6
5.5
4.5
5.2
5.3

12.9
6.2
5.2
7.1
6.1
4.8
7.6
4.8
6.0

10.0
10.1

2.0
2.4
2.9
1.2
2.7
3.6
2.6
2.2
3.5
2.3
5.2
2.1
4.3
2.8
5.8
4.0
3.7
1.9
2.9
3.7
4.7
2.8
2.1
6.1
3.1

3.4
2.5
2.2
2.8
3.3
2.6
5.1
5.9
4.8
3.2
1.9
1.8
2.8
2.6
7.6
4.3
2.2
4.0
3.2
1.7
5.2
2.2
3.0
6.9
5.6

3.5
3.5
1.8
4.5
2.8
5.1
2.5
6.0
1.9
2.6
1.9
2.2
1.5
4.2
2.6
2.6
1.8
2.4
3.1
2.1
2.7
4.1
2.1
3.9
3.4

1.3
2.6
3.6
2.2
2.8
2.2
2.2
3.0
2.7

2!.0
3.2
1.6
2.0
2.6
4.8
1.6
2.5
2.8
2.4
2.9

2.0
2.4
2.8
2.1
4.2

0.2
0.3
0.05
0.24
0.37
0.77
0.17
0.35
0.17
0.10
0.07
0.28
0.37
0.22
0.55
0
0.30
0.09
0.32
0.24
0.15
o~z

0.41
1.4
0.13

0.55
0.40
0.52
0.10
0.34
0.10
0.40
0.47
0.3?
o-~8

0.39
0.77
0.36
0
0.52
0.31
0.5?
0.21
0.43
0.19
0.30
0.10
0.06
0.80
0.30

0.1
0.06
0.15
0.06
0.06
0.1
0.11
0.09
0
0.05
0
0
0
0.07
0
0
0.12
0.05
O.@
o
0
0
0
0.12
0.07

0.11
0.11
0
0
0.07
0
0.16
0
0.08
0.06
0.05
0.09
0.05
0.05
0
0
0
0
0
0
0.08
0.05
0.12
0.10
0

0.2
0.06
0.15
0.18
0.12
0.1
0.06
0.09
0.06
0
0.15
0.05
0
0.07
0.09
0.07
0
0.05
0
0
0
0.07
0
0.23
0.07

0.16
0.06
0.19
0.06
0.07
0
0.08
0
o~4

o
0
o,~z

0.05
0
0
0
0
0.07
0
0
0.08
0.05
0
0.10
0

“Ailingnae exposed.
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Ilcmalol[,giczd Fjndings, 1960, on Rongrlap and Ailingnac Exposed Pol,u!ation

Subject ‘ Age WBC Ncut,

DOE ARCHIVES
Lymph. Eosin. klono.

No. and Sex (X1O ‘) (xlO”’) (xlO’) (xlO-’) ( ?%) (Xlo ‘)

61
63
64
65
66
67
68
69
70”
71
72
73
75
76
78
80
81*
83**
84**
85**
86**
87””
88**
89**
90””
92**
96**
98*”

100**
103**
104**
108””

14F
42 F
36 F

7F
36 F
20 F

.51M
IOF
23 F
34 F
12F
24 M
18F
17M
43 F
52 M
14 F
6h4
6M
5M
5F
5F
4M
4M
4M
4F
2F
2M
2F
2F
2M
2F

7.5
5.0
6.6
6.3
6.0
7.8
4.9
7.4
4.8

10.8
8.4
5.3
7.8
4.7
5.6

10.5
5.3
6.2
6.8
8.2
7.0
9.1
7.3
7.5
6.9

11.1
11.9
8.8
9.2

11.6
8.7
9.8

3.6
2.5
4.6
2.5
3.5
4.4
2.9
2.9
2.3
8.3
3.3
3.6
5.5
1.6
3.5
6.8
2.6
3.1
2.7
3.7
4.3
2.9
3.2
2.7
3.9
4.9
3.1
3.5
4.0
4.8
4.0
3.5

3.7
2.3
1.8
3.5
2.3
3.0
1.6
3.8
2.4
2.3
4.9
1.5
1.8
2.8
2.1
3.2
2.3
3.0
3.3
4.1
2.1
4.3
3.5
3.9
2.3
4.4
6.3
4.6
4.5
5.6
4.2
5.8

0.15
0.20
0.20
0.25
0.12
0.39
0.34
0.59
0.19
0.11
0.16
0.10
0.39
0.38
0.06
0.20
0.27
0.06
0.34
0.33
0.42
1.7
0.51
0.53
0.62
1.6
2.4
0.70
0.46
1.2
0.43
0.30

0
0
0
0.06
0
0
0
0.07
0
0
0.08
0.05
0
0
0
0
0
0.06
0
0
0
0.09
0
0.15
0
0
0
0
0
0
0
0

0.08
0.05
0
0.06
0.06
0.08
0.05
0
0
0.11
0
0.05
0.08
0
0
0.20
0.10
0
0.48
0.08
0.14
0.09
0.07
0.22
0
0.22
0.12
0
0.18
0.11
0.09
O,?()

“Ailingnae exposed.
* “Xonexpmed children of exposed parent or parents.
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APPENDIX 5

Individual M’BC, Basophil, and Alkaline Phosphatasc Determinations, 1959-1960

1959 WE ARCHIVES 1960

Subject WBC A. P., % Base. per
No.

M’BC A. P., % Bases.per
(X1O”’) % Neg. 4000-cell cnunt (xlO-’) % Neg. 400041 count

1*. 6.9
2
3
4
5
6$

7
8*
9

10
11
12
13
14
15
16*
17
18
19
20
21
22
23
24
26
27
28*
29*
30
32
33
34
35
36
37
38
39
40
41”
42
43”
44 ●

45*
46
47
48*
49
50”

7.3
8.6
8.4

10.4
9.0
6.6

9.6
8.4
7.5
8.9
7.9
6.0
8.6
7.1
9.1

10.3
8.0
8.4

10.3
8.9

11.2
11.9
11.3
15.7
15.0
9.0
7.7
8.8

13.2
5.6

11.1
7.0

10.7

12.4
10.5
7.5

14.0
11.1
12.0
8.5
7.8

10.8
13.1
16.7
9.2

Rongclap and Ailingnac Exposed Population

59 0.35 6.0
52 0.43 6.3
79 2.1 5.1
82 0.55 6.1
70 0.38 6.1
90 0.35 9.6
52 0.33 5.5

8.7
94 0.45
86 0.33 5.6
82 0.40 5.0
63 0.30 7.3
40 0.55 4.6
37 0.20 6.2
54 0.38 7.4
95 0.25 9.1
74 0.28 6.7
88 0.85 5.9
95 0.55 4.5
71 0.75 6.4
78 0.30 6.0
93 0.25 7.5
82 7.2
74 0.15 4.6
84 0.38 11.7

7 0.50 6.7
91 0.23 10.0
75 0.18
82 0.43 5.5
73 0.60 5.7
90 0.35 6.5
80 0.5
98 0.23 5.1
77 6.8
84 0.15

5
40
84
87
34
55
66
99
64
35

4
58

0.05
0.23
0.25
0.55
0.43
0.23
0.23
0.30
0.40
0.30
0.45
0.28

4.9
7.9
9.4
8.1
5.6
5.5

4-5

5.2
5.3

12.9

72
81
92
82
70
88
84
80

59
87
96
82
54
81
72
92
90
90
80
85
49
67
89
70
75

77
82
93
87
70

82
77
55
82
83
71
78
83

80
89
83

2.10
0.30
3.30
1.30
l.fx)
1.10
1.70
0.60

0.50
0.75
0.35
0.48
0.65
1.25
0.80
0.65
2.23
0.70
1.00
0.85
0.83
0.55
0.48
0.90
1.80

I .60
1.68
0.50
1.88
0.45
1.23

0.95
1.50
0.75
1.28
0.73
1.18
0.30
0.83
0.78
0.88
0.68

“Ailingnae exposed population.
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1

l~dividual \~13C, Basophil, and ..~lka]it)c Pl)c,.pha!a\c Dclcrmi,,a[i{,n~, 19j~.]q@

1959 DOE ARCHIVES ]WI
.’

Subject WBC A. P., ‘XBase. per
No.

\$’BC A. P., % Base. per
(xlO-’) % Neg. 4000-cell count (xl O-’) % Neg. 4000-cAl count

Rongc.lap and Ailingnac Exposrd Population (continued)

6.2
5.2
7.1
6.1
4.8
7.6
4.8
6.0

10.0
10.1

7.5

29
58
90
62

0.50
0.60
0.45
0.68
0.78
1.08
0.95
1.28
0.75
0.78
0.55

51*

52
53*
54
55
56
57
58
59*

60
61
62
63
64
65
66
67
68
69
70*
71
72
73
75
76
77
78
79
80
81*

82
83**
84**

85**
86”*
87**
88**

89* *
90” *
9]**
92**

93**
94**

95**
96**
97**
98**

100””
103””
104**
108**

10.3
10.4
9.6

. 9.3
7.7
5.4
7.6

12.4
15.0
8.7

10.3
8.5
8.0

11.5
8.9

44
62
69
94
88
95
84
66
95
65
65
56
89
18
80

86
71
80
78
79
87
83
87
68
66
57
72
95
72
74
54
54
16
41
52
80
70
60

85
74
96
75
79
13
43

76

0.50
0.30

0.68
0.38
0.40
0.25 91

46
82

6
0.25
0.18
0.10
0.35
0.45
0.40
0.30

5.0
6.6
6.3
6.0
7.8
4.9
7.4
4.8

10.8
8.4
5.3
7.8
4.7

76
5

74
55
90
86
74
82
69
81
63
87
69

0.55
0.88
0.85
0.63
0.50
0.73
1.08
0.53
0.43
0.83
1.13
0.38
0.73

5.9
8.8
7.5

10.3
10.0
8.7
8.7
6.4
7.8
8.6

12.4
10.6
6.3
8.7

10.8
12.2
14.0
17.6
11.1
12.6
;1.9
18.4
14.8

0.48
0.45
0.35
0.38
0.28
0.25
0.18

0.40
0.18
0.75
0.35
0.13
0.68
0.10
0.07
0.38
0.18

5.6 60 0.63

10.5
5.3

64
88
56
83
54
85
36
61
82
87
83

0.78
0.58
0.85
0.90
0.48
0.65
0.75
1.28

6.2
6.8
8.2
7.0
9.1
7.3
7.5
6.9

0.18
0.55
0.15
0.35

2.00
0.50

11.1 9 0.78
18.0
8.9

14.4
12.4
11.8
13.5
12.5

0.15

0.30
0.18
0.18
0.28
0.55

11.9 90 0.75

38
74
85
65
72 0.85

8.8
9.2

11.6
8.7
9.813.2

“Ailingnae exposed population.
** Nonexposed children of exposed parent or parents.
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72

I

Indivirl,,al L$’BC, Ikjw,phil, and Alkaline Ph(,.[)ha[au Dc[crmina[ions, 195!).]%0 DOE ARcH~vE~

Subjcci J\’BC A. P., Y Base. pcr S. bjcct IYBC A. P., ~ ho, pcr
: No. (xlO”) % h’cg. 4000-cell count No. (X1O-J) % Neg. 4(X)0-CCIIcount

801
802
803
805
806
807
808
809
810
811
812
813
814
815
816
818
819
820
821
822
823
825
826
827
828
829
830
831
832
833
834
835
836
838
839
840
841
842
843
844
845
846
849
850
851
852
853
854
855
856
858
859
860
861

14.4
11.0
13.9
15.2
11.1
20.2
12.7
11.8
9.0

12.6
14.7
10.6
11.1
8.7

11.8
12.3
6.4

12.2
9.1
9.6

10.4
10.8
10.5
4.5

11.5
7.3
7.4
8.0

10.8
7.9

10.1
10.1
9.5

10.2
11.?
9.6

11.2
10.6
10.2
9.7
8.4

12.1
11.9
11.8
8.8

10.9
7.6
9.6
8.9
6.8
6.6
9.3
8.5
8.3

16
65
49
65
59
52
76
71
86
66
76
70
94
83
91
94
95
56
89
87
82
78
88
89
75
69
72
58
12
89
13
90
57
70
80
76
79
97
20
90
91
17
59
93
64
94
88
74
79
41
71
86
96
85

Rongclap Uncxpo scd Population, 1959

0.52
0.60
0.48
0.30
0.38
0.33
0.25
0.50
0.45
0.33
1.08
0.78
0.50
0.80
0.38
0.30

0.57
0.35
0.25
0.48
0.27
0.35
0.43
0.45
0.55
0.23
0.38
0.27
0.43
0.65
0.78
0.52
0.40
0.60
0.85
0.72
0.57
0.50
0.72
0.23
0.52
0.38
0.45
0.65
0.27
0.48
0.55
0.65
0.50
0.40
0.75
0.30
0.43

862
863
864
865
866
867
868
869
870
871
872
873
874
875
876
878
880
881
882
884
886
887
889
891
892
893
894
895
896
898
899
900
901
902
903
904
905
906

908
91 I
912
913
914
916
921
922
923
925
926
927
928
930
932
933

8.0
10.3
9.7
8.3

10.7
10.7
6.9

11.1
16.2
10.0
9.1
9.4
9.5
7.0
7.9
7.9

11.6
11.7
9.0
9.3

12.3
10.5

7.3
9.5

7.5
10.8
14.7
12.8
8.9
6.5

18.4
15.4
22.0
10.8
12.7
15.3
12.7
8.0
8.0

13.5
14.3
6.8

11.4
32.4

8.8
13.6
12.4
9.9
8.4
7.7

16.6
9.8
8.6

83
78
66
82
43
83
48
w
59
64
80
11
80
21
55
66
70
50
19

100
8

84
30
83
38
86
56
67
96
84
86
24
30
48
75
36
47
37
87
93
84
90
97
80
69
82
76
79
71
87
80
87
68
31

0.43
0.35
0.48
0.68
0.45
0.38
0.35
0.63
0.60
0.55
0.72
0.50
0.35
0.70
0.43
0.30
0.38
0.48
0.25
0.30
0.17
0.56
0.48
0.33

0.50
0.22
0.30
0.52
0.35
0.40
0.43
0.27
0.70
0.48
0.28
0.25
0.50
0.38
0.27
0.27
0.35
0.20
0.38
0.43
0.25
0.33
0.50
0.43
0.30
0.27
0.23
0.35
0.45

~Y
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—_____
lr)dividual \$’BC, ILw,phil} and .Klhalinc Ph,,fphataw Dctcrminatim]s, 19.54-1!MX) ,!

Subject M’BC A. P., % Base. per Subject \$’BC A. P., Z lhso. pm
No. b’ (xlO”’) ?4 Neg. 4000-cell count No. (xlO-’) % Neg. 4000-mll count

DOE AR- s
Rongclap Unexposed Population, 1959 (Continued)

934 12.8 35 0.55 968 7.5 82
935

0.27
8.7 46 0.38 969 11.2 89 0.38

939 7.9 89 0.48 971 8.2 60 0.25
940 16.2 53 0.38 973 6.4 75 0.35
944 10.0 78 0.40 976 11.0 72 0.25
946 10.3 85 0.23 977 9.4 79 0.43
947 n 2.0 61 0.33 978 7.3 67 0.35
952 14.7 48 0.23 979 9.8 1 0.38
953 9.7 65 0.30 980 13.0 20 0.33
955 7.8 81 0.30 989 10.6 73 0.40
956 9.1 57 0.43 991 7.6 57 0.27
958 12.4 90 0.20 992 9.7 35 0.50
959 11.5 66 0.30 993
960

10.6 62 0.30
10.3 66 0.38 996 11.4

963
73 0.23

9.0 69 0.25 1003
966

9.2 66 0.33
7.2 77 0.40 1005

967
8.5 77 0.38

13.6 85 0.40 1007 8.8 82 0.38

‘?9
.——._______—-- ..—.._-_______________._—-—.—-———-.-.——_
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APPENDIX 6 i

o
0.
A,
B
o
A,B
o
0
0
A,B
A,B
o
B
B
o
A,
o
A,
o
A,
o
A,B
o
0
0
0
o“
o
0
0
A,
o
0
0
B
o
B
o
A,
o
0
B
o
B
o
0
A,B
B
o

N
N
N
N
N
N
M
N
N
N
N
N
N
M
N
N
N
N
N
N
N
N
N
MN
N
N
N
;N
N
N
N
MN
N
N
hfN

N
MN
lN
h,

M
MN
N
N
N
MN
MN
M
N
N

It

t,

1,

*,

*,

II

,,

II

,,

II

*,

1,

*I

*,

,,

II

f,

,,

,,

,,

,,

,,

,,

,,

1,

,,

t,

,,

,,

,,

,,

,8

t,

,,

,,

,4

,,

,,

,,

,,

,,

,,

,,

,,

,,

,,

I&’h

I&
U
kk
kk
U
I&
I&
kk
kk

U
MI
kk
kk
kk
MC
kk
kk
kk

I&
ML
kk

M
kk
M(
M(
I&
kk
I&

kk
kk
kk

kk
kk
&
I&
I&
I&
kk

Blood GrOupinG and Haptoglobins, 1958-1959, and B~ and Cholesterol Lwcls, 1959

Subject ABO MN
No. group type Rh-Hr Ken

Haptoglobin
Dufly Diego

Cholcstcrd,
type Bm mg %

Rongc]ap h-d DOE ARCHIVES1
2
4
5
6
7
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
26
27
28
29
30
31
32
33
34
35
36
37
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53

+
+
+

Neg

:
+
+
+
+
+
+
+
+

Neg

+
h’eg

+

+
+
+

+
+

+

+

+
+

+
i-

+

+
+

+

+
+

+

+

+

+
+

Neg

N%g

+

+

+

N’+. eg

+

Ncg
It

19

#l

U

II

It

11

II

II

II

It

II

,1

,,

II

1,

,,

1,

e,

9,

1,

,,

II

,,

,,

,,

,,

It

,,

1,

,,

,,

,,

,,

,,

,,

,,

t,

t,

,,

,,

,,

,,

1,

,,

,,

,,

,,

1-1
2-1
2-1
2-1
2-2
1-1
2-2
2-1
2-2
1-1
2-1
2-1
2-2
2-2
2-1
2-1
2-1
2-1
2-2
1-1
2-2
1-1
2-1
1-1
2-1
2-1
1-1
1-1
2-2
2-1
2-1
2-1
1-1
2-1
2-1
2-1
2-1
2-1
1-1
2-2
2-2
2-1
2-1
1-1
2-1
2-1
2-1
2-2
2-2

0
1/8
o

1/4
o
0
0
0
0

I/8
o
0
0
0

1/8
o
0
0
0
0
0

1/4
o

1/8
1/4
o

1/4
1/4

o
0
0

1/8
o
0
0

1/16
o
0
0

I/4
o
0
0

0
0

204
148
184

148

155

140
207
135
162

149

141

149

“Bentonite flocculation test; positive= 1/32 or higher dilution.

121

182

132

74

j?)
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-“-— —+-.—- .



—
75

—

Blood {;roupir~gs and l{apt~~globins,
1958 -19~) ), and III-T al,d Cholesterol Levels, 1959

*

1Iaploglobln Cholestcrd,

Subject ABO MN
Ken Duffy Diego type BFT mg ~

No. : group type Rh-Hr

Rongclap Exposed (continued)
WE ARCHIVE%

+ Ncg 2-1 0 14s

55 B
o Ncg t! 1-1 1/4

56 2-2 0
57 A,

It

: 1-1 0
58 A,

Is

o
1-1 0

59 + II
l-l 0

60 A, + 19

0 + 2-1 1/8
61

,1

B + 2-1 0
62

*I
1-1 0 150

MN ~,~,
MN II
N I*

N 19

M Vt

N ~1

MN I!
N II

N II

MN !!

MN ~~
MN *!
N *1

N I*

N 98

N VI

N ,,

N 11

N II

N ,1

N ,!

MN 9*
N ,,

kk
kk
kk
kk
kk
kk
kk

kk
kk
kk
kk
kk
kk
kk
kk
kk

kk
kk

kk
kk

63 0
+ II 2-1

1-1 064 0
65
66 0
68 0
69 B
70 0
71 A,
72 0
73 0
74 A=B
76 B
77
78 A,B
79 0
80
81 0
82 0

+
+

N+%

+
Ncg

+
+

Neg

2-1 0
1/8
1/16
o

1/4
1/16
o
0

1/4
o
0
0

2-1
2-1
1-1
1-1
2-2
2-1
2-1
1-1
2-1
1-1
1-1

132

137

134

165
127+ ,,

-L II

2-2 0

Neg u 2-2 0 152

L ,, 1-1 0,

Rongelap unexpos~

+
+
+
+

Neg

:

+

Neg

Neg 2-2
1-1
2-1
2-2
2-1
1-1
1-1
2-2
2-1

0
0
0

1/8
o
0

kk
kk
kk
kk
kk
kk
kk
kk
kk

kk

kk
kk
kk
kk
kk
kk
kk
kk
kk
kk
kk
kk
kk
kk

N
N
N
N

N
N

N
N

N

MN

N
M
N
N
N
MN
N
N
N
N
N
N
N
N

Rh,lul,
II

,1

,,

,8

,1

,*

,$

,,

,,

,!

1?

VI

,,

,,

,,

,,

,,

,,

!,

,,

,,

,,

*I

815 A,

816 0
817 B
818 Al

819 0

820 A,
821 A,
8?2 o

823 0

824
825 0

826
827
828 0
829 0

830 A,

831 A,

832 0

833 0

,,
II

,,

,,

,,

,1

!$

,,
0
0

1/8
o
0
0

1/8
o
0
0
0
0

1632-1
2-2
2-1
2-1
2-1

0
~_l

1-1
1-1
1-1

,,

+ ,,
+ ,,

+ II

+
,1

+
II

+
,,

L ,8

834
835
836
838
839
840
841
842

0
0 + ,, 2-1 0

1-1 0 155
0 + ,1

0 + 2-2 1/8

o + ,! 2-1 0

+ 1-1 0
A,

,,
2-1 1/z56 213

0 + II

o + ,, 2-2 0

,,

~1
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S:bjcct ABO MN Hap[oglobirs Chrrlcslcrol,

No. group typc Rh-Hr Kcll Duffy Diego type BFT mg %

DOE ARCHIVESRongelap Unexposed (continued)

843
844
845
846
849
850
851 “
852
853
954
855
856
858
859
860
861
862
863
864
865
866
867
868
869
871
872
873
874
875
876
877
878
880
881
882
883
884
885
886
887
888
889
891
892
893
894
895
896
898
899
908
911
912
913
914
916

0
A,
o
0
Al
o
A,
o
0
B
o
0
A,B
A,
B
o
0
A,
o
A,

o
0
0
0
B
B
B
o
B
o
0
B
o
0
0

B

A,B
B
A,
A,B
A,B
o
0
B
o
0

A,
o
A,
o
0
Al

N
MN
N
N
N
N
N
N
N
N
N
N
N
N
M
MN
N
N
MN
N

N
MN
N
MN
MN
M
N
N
N
M
hfN
N
M
N
N

x

h’
Nlh’
MN
N
N
Nm
MN
MN
hlN
N

N
hlN
N
N
h’
N

Rh,Rhl
Rh,rh
Rh,Rh,

#l
II
,,
,,
*I
~t
t,
II

Rh ;ih
RhlRhl

u
II
II
%1
n
1!

,,
II
,*
,,
#t
,1
,,
,1
,,
,,
,t
II
,1
,,
,,

,+

,!
,,
*I
,,
II
,1
,,
,,
,,
,,

,,
,,
,,
,,
1,
,,

kk
I&

kk
kk
kk
kk
kk
kk
I&
kk
kk
kk
kk

Irk
kk
kk
kk
kk

kk
kk
kk
MC
kk
kk
kk
kk
kk
kk
kk
kk
kk
kk
kk

kk

kk
kk
kk
kk
kk
M
kk
kk
kk
kk

+
+

Neg
+
+
+
+
+
+
+
+
+
+
+

Neg

+
+
+
+

Neg

+
+
+
+
+
+
+
+
+
+
+
+
+
+-
+

+

+
+
+
+
+
+
+
+
-1-
+

Ncg
81

,,

m

*I

*,

11

*I

It

1*

,,

11

II

1,

*,

1,

9,

,,

*,

,,

,,

,,

,,

v,

t,

1,

,,

,,

,,

,,

,,

,,

,,

,,

,,

t,

,,

8,

t,

*,

,,

,,

,,

,’

,,

,,

,,

,,

,!

,,

,,

,,

1-1
2-l
2-1
2-2
1-1
2-1
2-1
2-1
2-2
2-1
2-1
2-1
1-1
1-1
2-1
1-1
2-2
1-1
2-2
1-1
1-1
1-1
2-1
2-2
2-1
1-1
1-1
1-1
2-1
2-1
2-1
2-1
l-l
2-1
1-1
2-1
2-1
1-1
2-2
1-1
2-1
l-l
1-1
1-1
2-1
1-1
1-1
1-1
2-I
~_2

1-1
2-1
2-2
2-2
1-1
2-1

0 181

0 149
l/4
o
0
0 164

1/4 237
0 162
0
0 182
0 208

0 172
0 180
0 202
0 187

0 173
0
0
0 170
0

0 207
0
0 157
0
0 187
0
0 181
0 154
0
0
0
0
0
0

1/4
o

1/64
o
0
0 150
0

1/16
o 152
0 146
0 165

1/4
o
0

l/4
o 136
0
0 135
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Blwd Gr[>uping~ aIjdl{al>tfJ~lf ~t~ins,1958 -l Y59, and BFTand(tl][]lcslcrof lxvcls, 1959 I
.—

Subject ABO MN I{aptoglobin Chnlcstcrol,

No. ~ group type Rh-Hr Ken Duffy I)icgo ty~ BFT mg %

921
922
925
928
932
933
934
935
939
940
944
947
953
955
956
958
959
960
963
966
967
968
969
971
973
976
977
978
980
989
991
993
996

1003
1005

hfajuro Gmtrols

o
0
0
0
0

a
o
0
A,
B
o
0
0
0
0
0
0
A,
A,
o

0
0
0
0
0
A,
B

A,
o
0
A,B
Al

MN
M
MN
N
M

N
N
MN
N
M
N
N
M
MN
N
MN
MN
N
N
N

N
N
M
N
N
N
MN

N
N
MN
N
h’

Rongclap Uncxpmcd (continued)

Rh,Rh, + Ncg
*I Ncg II
II *I
*, : ,,
9, + 1,

Rhktb
Rh,rus,

81

1,

It

Rh,
Rh,Rh,

M

,,

t,

,,

,,

*,

Rh=I@

Ncg

+
+
+

Ncg

+
Ncg

1!

II

II

01

1*

*I

II

,*

II

It

II

I*

~t

It

II

*t

Rh,Rh, + II

*, Ncg II

,, + ,t

,, + II

*, + II

*, + 1$

1, + It

?, + ,1

,, + ,,

8, !’iCg t,
1, ‘f ,,

Dun mwm Y JJU

2-1 0
2-2 0
2-1 0 129
1-1 0 239
2-1 0

0 0
2-1 0
2-1 0
2-2 0
2-1 0
2-1 0
2-1 0
1-1 1/64
2-1 0
2-1 0
2-1 0
2-1 0
2-2 0
2-1 0
2-1
2-2 0
1-1 0
1-1 0
2-2 0
2-2 0
2-1 0
2-1 0
2-1 0
2-1 0
2-1 0
1-1 0
2-1 0
2-1 1/4
1-1 0
1-1 0

4000 0 N Rhzw Neg 2-2 0
4002 B N Rh, Rh, + ,t 2-1 0
4003 0 N ,’ 9! o
4004 0 N *, + ,, 2-I o
4005 B M n ,, 1-1 0
4006 0 MN ,, + ,, 2-2
4007 Al N ,, Keg ,, 2-2 0
4009 0 M *, + ,, 2-1 0
4010 Al N Ncg II o
4012 A, M Rh;& + ,, 2-2
4013 0 N Rh,Rh, It 1-1
4015 B MN ,, 2-2 0
4016 0 MN Rh;m 2-1
4017 A, N Rh,Rh, + ,, 2-1 0
4018 A, N ,, NCg 1! 1-1
4~~() o N ,8 + ,, 2-1
4022 A, N ,1 + 1, 2-1
4023 0 N II + v, 2-2 0

f
J
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Bloud Groupings and Haploglobins, l~bs-l~jg, and l~~-r’and ~f’~lcs~crol l~scls’ l~~g
Hdptt,globin

chokwcrol,
rng %

S+jcct ABO MN Diego type BFT

type Rh-Hr Ken Duflj
No. group

Majuro Conlrols (ccmtinu~)
uofi A~S

4024
4025
4026
4028
4030
403 I
4032 “
4033
4034
4035
4036
4037
4039
4040
4041
4042
4043
4046
4048
4049
4050
4055
4056
4057
4058
+059
4063
4064
4066
4067
4068
4069
4070
4072
4073
4075
4078
4081
4082
4083
4084
4085
4086
4087
4088

A,
o
A,
A,
o
0
0
B
A,
A,
o
0
B.
o
0
0
0
0
B
B
o
0
B
o
0
B
Al
o
0
B
A,
A,
o
B
A,
o
0
0
A,
o
A,B
B
B
B
o

N
N
N
N
MN
MN
N
MN
MN
N
M
N
MN
MN
M
N
M
N
M
N
MN
N
N
N
M
MN
N
N
N
N
N
hlh’

N

N

N
hlh’

N

M
M
MN
N
N
N
N
h’

Rh,Rh,

Rhkk!
Rh,Rh,

II
VI
,,
It
II
II
II
II

I&h
RhzRhO
Rh,
Rh,Rh,

Rl&h

Ill&h,

RhzRhO
Rh,Rh,

It
,*

Rh;;h
Rh,m

II
*I

Rhjw
Rh,Rhl

,,

WI ;;h
Rh,Rh,

,1

Rl&b
Rb,Rh,

II
II
,1
*I

F@

+

Ntg

+
+

+
+

+

+

+
+
+

+

+
+

+

Neg

Ncg
II

,*

#l

II

,s
II

VI

~~

91

*I

II

tl

I*

!1

II

18

,1

$1

~t

**

,,

,,

$$

*I

,1

,8

,1

,1

,,

,1

,1

II

It

,+

,,

,*

,,

,,

,,

t,

,,

II

,,

,,

2-2 0

2-1 0

2:1 0

1-1 0

2-1 0

2-1 0

2-2 0

2-1
2-1
2-1
2-2
2-1
2-2
1-1
1-1
2-1
1-1
1-1
1-1
2-2
2-2
2-1
1-1
2-2

0
0
0

0

2-2
2-2 0

2-1 0

2-2
1-1 0

2-2
1-1 0

2-1
2-1 0

2-1
2-2
2-1 0

2-2 0

2-1 0

2-1
2-1
1-1
2-1
2-2
2-1

Udrik population

1-1 0 181

N Rh,Rbl + Neg
A,B

o 202
2101 2-1

215
2104 + ,1 2-2

0 N o ?41
2105

,1
+ ,1 1-1

B N
133

‘2107
,,

Xeg ,1 2-1

2108 0 hfN 2-1 0

w ;;h + ,1

2110 0 N Xeg
2-2 1/8

,,

2112 B N Rh,Rh, 2-1 0

2114

74
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BILNd Groupings and HaplrgloKtns, 1958-1959, and BFT a[~d C}mlmtcrol Levels, 1959

Haploglobln cholcstcrol,

Suhjcct ABO MN
Kcll DufFy Diego type BFT mg ~

No. : group Iype Rh-Hr

Ulirik Population (mntinud) DOE f$R~

2116
2118
2120
2121
2123
2125
2126
2128
2129
2132
2136
2139
2140
2141
2142
2144
2145
2146
2148
2149
2150
2152
2154
2156
2157
2158
2162
2164
2168
2169
2172
2175
2176
2182
2183
2186
~]fjs

2190
2193
q198
2199
2Z02

2203
2204
2206
?214
2216

‘2223
2225
2229
~230

2238
p~

?246
2247

0

0
0
0
0
A
0’
A,
o
0
0
A,
B

o
0
0
Al
o
0
0
0
A,
o
A,
B
o
0
0
0
0
A,
o

B
o
B
o
0
A,B
B
o
0
0

0
A,
o
0
0
0

0
0

MN

MN
MN
MN
MN
N
N
MN
N
N
N

N

N
N
N

MN
N
MN
MN
MN
N
MN
N
MN
M
MN
N
N
N
N

N
N
MN
N
N
N
N
N
MN
hlN

N
MN
N
h’
N
N

N
N

Rh,Rh,

II
II
,,
*I
II
*I
*I

Rh;;h
Rh,Rh,

11
94

Rh:ih
Rh,Rh,

*1
,,
II
I*
PI

M;’
Rh,Rh,
Rhlrh
Rh,Rh,
Rho
Rh,Rh,

,1
II
,,
II

t,
,,
,!
II
,1
**
,,
,1
!1
,8

,1
,,
,,
,,

Rh;;h

Rh,Rh,
Rh,rh

+

+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+

N+%
+
+
+

+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+

+
+

Ncg

SI

11

11

I*

II

w
11

,8

8*

99

II

9s

91

8$

11

It

**

M

8,

It

,,

,,

It

II

,,

,1

,,

II

,1

,,

VI

,,

,,

,1

,,

,,

*8

II

II

,,

,,

!1

,,

,,

,1

,,

II

,8

2-2
l-l
2-2
2-1
2-2
2-1
1-1
2-1
2-1
2-2

2-1
2-2
1-1
2-2
2-2
2-1
2-1
2-2
2-1
2-1
2-1
2-2
2-2

1-1
1-1
2-1
2-2
2-2
2-1
2-2
2-2
2-2
2-2
2-1
2-2
2-1

1-1
2-2
1-1
2-1
2-1
2-1
2-2
2-1
2-2
2-2
1-1
1-1
1-1
2-1
p_2

2-1
2-1
2-1

0
]/128

1/4

o
0

1/4
o

1/4
o

0

0

0

I /256

o
0

0

0
1/4

269

225
187

237
147
176

216
172

220
187

200
171
212

195
I 75
263
179
200

252
161
220
217
202
166
271
220
251

140
167
245
256

197
191
157

2248
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Bl[Krd Grouj)ings and }1.sploglobins,

1958-1959. and DI-T and Clmlcstcrol lXVCIS, 1959 ~ ‘

I {aptoglobin
Cholcslcrd,

Subjmt ABO MN
Duffy Diego lypc BFT m~ %

No. type Rh-Hr Kcll
group

Utirik Population (cmntinud)
DOE ARCHIVES

Ncg Ncg 2-1 195

2252 0 MN Rh,Rh, 2-1
148

M + II
2253 0 w 2-1

179

0 N + II
2256

MN Rh~;h + *I 2-1
2257 0 2-2

150

MN ~,~1 + It
2279 0 2-2

237

N + ,1
2280 0 I*

.
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APPENDIX 7

b

Cs’” and Zng’ Body Burdens, in mpC/kg, of hfarshall Island inhabitants

Males Fcmala DOE ARCHIVES

Age1-15 Agc>15 Agc1-15 Age>15

Subject Subject Subject Subject
No. Ca’” 2s)” No. ~la, zna5 No. ~1 ,? Zn., No. ~ls,

Zn”

Rongelap Expxd

3 5.65 7.34 4 17.4 9.14 15 9.62 6.53 12 145 8.44
5 14.0 14.0 7 16.7 13.8 17 15.7 11.0 13 7.23 5.31

23 10.3 12.5 9 3.67 4.78 19 12.9 10.8 14 11.9 14.8
32 23.9 10.0 10 16.0 8.09 20 8.55 7.24 18 8.01 10.0
47 17.3 7.80 11 15.2 6.50 21 14.4 8.56 22 5.71 6.53
54 7.51 8.92 26 11.5 13.1 33 12.5 6.00 24 13.0 7.19
76 11.3 9.16 27 16.0 6.05 36 13.4 9.19 30 12.1 9.44
83 10.7 13.0 40 9.64 10.7 42 10.8 14.0 39 14.4 6.45
85 10.7 12.7 79 16.4 15.5 61 9.38 5.63 49 7.95 9.62

82 19.4 11.4 65 6,67 10.0 58 11.2 8.73
69 11.0 5.71 60 9.25 6.84
72 11.1 8.20 63 17.8 6.26

64 11.2 11.9
66 10.5 15.6
17 7.57 10.2
78 14.1 11.5

Av 12.4 36.15 10.6 ?2.24 14.2 &5.12 9.9133.07 11.352.74 8.57 ?2.64 11.053.35 9.36&3.33

.4ilingnac Exposed—

6 7.53 5.38 16 11.2 11.8 8 6.67 9.74 1. 8.70 8.29
44 10.2 10.6 29 8.35 9.11 48 13.1 7.67 43 13.3 11.0

41 15.7 15.9 53 10.5 5.38 45 11.7 7.54
50 10.6 20.9 81 9.68 9.41 59 16.9 13.6

70 6.50 12.0

Av 8.87 7.99 11.5~3.57 14.4 A5.72 9.9933.12 8.05 A2.13 11.434.48 10.5A2.6

Rongelap L-nexposed

813 8.18 8.18 823 8.89 11.1 805 10.4 6.04 825 10.7 5.56
814 14.9 9.23 830 10.4 10.5 810 6.49 13.0 829 6.11 8.15
815 9.25 7.93 831 15.0 9.45 812 10.1 832 6.24 8.58
818 24.1 7.32 833 9.92 8.74 816 11.4 11.8 835 6.54 9.93
819 14.3 9.63 834 21.3 10.6 821 7.92 8.50 839 7.92 11.6
820 9.03 6.14 836 11.4 10.3 891 12.4 7.95 841 6.88 4.59
822 8.08 7.80 838 5.13 9.95 911 6.45 6.45 843 6.53 11.4
863 12.4 8.80 840 18.8 13.0 955 9.86 17.4 844 9.39 7.35
869 10.6 6.04 845 9.84 6.09 959 6.65 10.3 846 11.8 10.8
870 6.30 3.94 849 12.1 9.92 960 9.91 8.62 851 10.4 11.3
874 21.5 8.70 850 18.8 13.0 977 12.2 7.19 852 9.59 11.0
887 11.0 5.90 853 15.5 5.01 978 10.8 10.8 854 113 10.9
892 7.76 8.70 855 19.3 8.93 980 12.5 8.00 858 6.76 7.34
912 12.7 7.51 856 21.8 10.5 993 105 6.58 859 12.9 8.77
921 9.04 6.21 860 9.49 4.75 996 10.1 8.18 861 6.06 6.06
939 8.18 10.0 862 12.0 2.80 998 11.3 8.26 865 10.8 7.71
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Cs’” and Znn’ IkKJy Burdrns, in mpC/kg, of Nlamhall Island Inhabitants

Males Fcmalca
2

Age 1-15 Age >15 Age 1-15 Agc >15

Subject Subject Subject Subject
No. ~ls,

ZIP No. ~isr Znaa No. ~lsf -&f, No. ~lst Zn”

Rongclap Unexposed (ccmtinucd)

940 9.27 6.56 864 13.6 17.3 867 9.36 6.24
967 14.7 11.9 868 9.72 6.61 871 17.2
971 15.4 “ 12.1 872 19.0 13.1
976 8.31 4.89 873 19.2 7.23 DOE ABC~IvEs ~ & ‘:12.7

875 16.3 11.4 893 9:29 7.75

878 13.0 8.49 894 5.61 10.6

880 16.3 13.7 895 8.81 5.87

881 16.7 12.9 896 8.81 11.5

882 9.12 12.0 908 11.2 7.60

910 24.3 14.8 914 J1.4 9.94

935 11.2 15.9 916 7.91 12.1

944 11.4 8.64 922 14.2 9.32

945 9.49 9.49 934 8.54 8.92

947 18.7 9.27 942 11.4 10.9

953 8.68 10.3 957 8.03 5.40

958 14.8 9.57 970 9.42 6.01

963 20.9 8.99 982 9.48 7.65

966 9.05 6.79
969 19.0 12.3
973 12.3 6.29

1005 4.66 4.96

Av 11.8&4.78 7.87? 1.98 14.0?4.72 9.8622.86 9.9352.11 9.32*2.77 9.77*2.82 8.65*2.24

2102
2106
2108
2115
2142
2144
2151
2155
2174
2179
2207
2232

2233
2257

Av

2.65
3.58
4.83
5.76
5.51
5.43
3.52
7.14
5.12
4.29
4.35
4.51
2.75
4.24

4.55& l.23

2.35
3.02
1.35
1..52
3.11
1.94
2.14
4.40
1.85
2.46
2.58
2.36
2.05
4.03

2.51>0.80

2101
2103
2105
2110
2112
2114
2120
2121
2123
2125
2145
2152
2157
2166
2178
2185

4.03
7.82
4.61
4.16
2.79
1.67
4.05
4.26

3.77
5.25
5.39
3.81
6.39
4.43
5.06

4.50& 1.60

Utirik

4.81 2113
4.26 2126
4.02 2128
6.63 2149
3.23 2159
1.39 2160
3.40 2197
2.28 2210
6.01 2213
4.56 2218
4.07 2225
3.49 2227
5.88 2228
6.22 2256
3.15
3.43

4.18=1.55

2.78
3.03
2.83
4.02
3.10
4.40
5.60
4.84
9.04
5.20
3.23
8.09
5.43
1.73

4.5?2 1.87

3.21
2.75
1.49
1.92
2.24
2.55
2.03
4.03
3.11
2.88
2.63
5.15
2.63
2.58

2104
2107
2116
2129
2139
2140
2141
2154
2158
2164
2172
2224
2230
2246

2247

4.75
3.02
4.46
2.13
7.07
4.17
2.67
2.81
3.23
3.70
2.08
4.73
2.95
2.54
3.17

3.22
1.63
1.96
3.02
3.53
2.53
2.17
2.49
3.08
1.77
2.23
2.51
2.77
2.03
2.50

2.8030.80 3.57&1.26 2.50~0.58
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APPENDIX 8
3

I
,.,

Urjnar)’ Sr”” \’alucs in hiarshallc% 1959

hlal=
Females

Volume, ml Sr’”, ppC/1 Subject No. Sr’”, ppC Volume, ml Sr’”, ppcb
Subject No. SrW, ppC

Rongclap Ex@ ,Age l-15

21m 2.4 15 9.0 2160 4.1
76 5.2

2100 2.1 36 8.8 2400 3.6
76 4.4

2.3
3.9

Av .

Age >15

1500 7.0 12 3.8 2160 1.8
7 10.5

1700 4.8 12 4.9 2200 2.2
9 8.3

2110 7.2 14 13.0 1400 9.2
26 15.3

2160 5.2 22 5.8 1400 4.1
26 11.4

1150 3.9 22 12.5 1710 7.3
27 4.5

1900 2.3 24 3.9 1500 2.6
27 4.5

1700 10.9 39 12.8 1450 8.8
40 18.6

1290 16.8 66 14.2 1510 9.4
79 21.7

66 7.3 2100 3.4

1690 7.3&5.l 1715 5.4?2.2
Av

AIIingnac ExpoA, Agc >15

2200 5.3 45 4.0 1300 3.0
41 11.8

Kwajalein - E&ye, Agc >15

0.4 940 0.4 2412 0.3 1010 0.3
2404

0.8 1920 0.4 2413 0.6 1610 0.4
2405

270
11* 0.5 320 1.5

2419
——

2416 0.4 340 1.1

2414 1.7 465 —

2410 0.13 385 0.33 DOE ARCHIVES

0.56%0.37
0.7?0.7

Av

RongelapUnexposed,Agc 1-15

818
887
874

6.2
9.0

10.1

1100

1000
1500

5.6
9.0
6.7

Av 7.122.0

Age >15

12.0 2200 5.4 843 3.5 2160 1.6
830

8.0 1110 7.2 843 5.7 1710 3.3
830

5.5 1400 3.9 865 7.6 2150 3.5
831

24.1 2025 11.8 876 7.4 1000 7.4
838

5.5 1490 3.6 893 11.5 2300 5.0
838

13.4 1500 8.9 895 4.7 1050 4.4
849
963 6.4 1700 3.7

963 7.8 1300 6.0

882 3.4 850 4.0

1510 5.6%2.8 1730 4,2? 2.3
Av

“hlember of original expscd Rongclap group, living on Ebeye since 1958.
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.
Subject No. Sr’”, ppC t’olumc, ml SrW,ppC/1 Subject No. Sr’”, ppC Volume, ml Sr’”, ppC/i

Utirik, Age 1-15

2128 1.7 430 3.9

Age >15

2110 2.3 1750 1.3 2236 2.1 m 3.1

2123 1.7 1060 1.6 2246 1.0 510 1.9

2125 2.6 1380 1.8
2145 1.9 680 2.7
2152 0.14 w 0.23 DOE ARCHIVIIS

Av 1.5&().9 2.5
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Addendum
●

A NOTE ON THE VEGETATION

OF THE NORTHERN ISLETS OF RONGELAP ATOLL, MARSHALL ISLANDS, MARCH 1959

B.S. BLUMBERG* AND R.A, CONARD

DOE ARCHIVES

Fosberg’.’ reported changes in the vegetation of and to re-examine the vegetation. A helicopter

the northern islets of Rongelap Atoll (observed in was available for transportation, which permitted

1956) which he inferred might have been associ- general and detailed air examination as well as

ated with the radioactive fallout that occurred on two short ground susweys. The northern islets were

this atoll in 1954. During the medical survey of estimated to have received a radiation dose of

the Rongelap peoples carried out in March 1959, s3000 r. The islets of Naen and Cegen were ex-

an otmortunity arose to visit some of these islets amined in greatest detaii. The most striking fea-

“National Xnstitutcsof Health, Betkda, Maryland.
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.
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RON GELAP ATOLL
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I

ture observed from the air was the generally gray

color of much of the vegetation, in contrast to its

L.I.. . . .
“; .0,. :OG.EJEN1.
. . . . .
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,... ‘..
-....,-.
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Figure A-1. Map of Rongelap Atoll show-ing position of major islets.
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Figure A-2. AfTectcd Gwttirda speciosa with normal appearing Scacvofasmica.

normal green color. Ground surveys revealed that
Scaevo[a sericca was common and normal in ap

pearance. Many of the Gu<ttarda Jpeciosa appeared

to be in poor condition (Figure A-2). In some, all
or nearly all the leaves were gone from the termi-
nal 1 to 12 in. of the branches, and other leaves
were yellowed and shriveled. In other Gutttar&,
nearly all the leaves were gone, and the bushes
appeared completely dead. More than 50T0 of the
Guettardu were affected in whole or part. In one
area of N’aen several hundred yards inland from
the ocean beach, there was a field of =30 CtKt-
/arda, all ofw-hich were dead. Some young Piionia

grandis were seen which appeared to be in good

condition. Mature Pisonia were seen which were
partially defoliated, but these did not appear to be
greatly different from those seen on Rongelap Islet

on the southeast corner of Rongelap Atoll. None
of the mistletoe-like clumps described by Fosberg
were observed. Several Ochrosia oppositr~olia w-ere

seen with nearly complete defoliation, which ap-

peared dead. A small grove of coconut trees near
the center of Naen Islet contained 4 to 5 dead

trees within a radius of =300 yards, which Were
decapitated at heights 5 to 12 ft above the ground
with no evidence of axe or machete marks. Two 2-

headed coconut trees were seen, one with fronds
that were mostly brown and appeared dead grow-

ingfrom the trunk C2 ft below the true crown of

the tree. Several trees had dry and shriveled

fronds, and Z6 had deformed bulges 4 to 8 fi be-

low the crown with apparently normal growth

above the bulges.
Photographs of the affected vegetation were

examined by Dr. Fosberg, and he stated tha~ the
changes were similar to those he had pre~’iously
reported.

It is not possible to evaluate the cause of the
changes from the present obsenations. h{ore ex-
tensive and detailed botanical and ecological sur-
veys will be necessary, both c~n the islands that

received radiation and on those that did not, to
determine whether the changes seen bear any

relation to fallout. In particular, it should be noted
that these obsenations were made during the dry
season.

M’e are indebted to Professor Frank Richardson
of the University of lf’ashlngton for identifi-ing the

plants, and to Commander M’. Lyons, USN, for
his assistance in taking the photographs.
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